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There is disclosed an endovascular prosthesis 
with suture holder which can be introduced 
endoluminally into a vascular channel for application, 
which comprises a prosthetic body with cylindrical 
walls and open bases that can be radially expanded up 
to the limit at which its external surfaces contact the 
damaged vascular walls of the vascular channel, with 
the internal surfaces of the body forming a prosthetic 
circulatory passage. A number of connectors are 
provided and distributed such that they encircle the 
cylindrical walls of the prosthetic body and are 
attached to the internal surfaces of the cylindrical 
walls. In each connector, the rotary end is 
disconnectable from a respective semi-flexible cable as 
an applicator of sutures, which cable extends beyond 
the prosthetic passage, terminating in an external 
rotary control end. Passing through each connector and 
the adjacent cylindrical wall of the prosthetic body is 
a spiral suture, the anchoring end of which is inserted 
in the rotary end of its respective semi-flexible 
cable. 
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ABSTRACT 

There is disclosed an endovascular prosthesis with suture holder which can be 
introduced endoluminally into a vascular channel for application, which comprises a 
prosthetic body with cylindrical walls and open bases that can be radially expanded up to 
the limit at which its external surfaces contact the damaged vascular walls of the vascular 
channel, with the internal surfaces of the body forming a prosthetic circulatory passage. A 
number of connectors are provided and distributed such that they encircle the cylindrical 
walls of the prosthetic body and are attached to the internal surfaces of the cylindrical 
walls. In each connector, the rotary end is disconnectable from a respective semi-flexible 
cable as an applicator of sutures, which cable extends beyond the prosthetic passage, 
terminating in an external rotary control end. Passing through each connector and the 
adjacent cylindrical wall of the prosthetic body is a spiral suture, the anchoring end of 
which is inserted in the rotary end of its respective semi-flexible cable. 
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This invention consists of an endovascular device with suture holder that permits creation of 
a firm union between the prosthesis and the vascular walls with no need to introduce suture 
applicator devices into the vascular channel. 

To treated diseases of the arterial and venous channels, recourse is had to endovascular 
treatments based on the application of expandable prostheses or endoluminal expanders that 
permit the affected vascular walls to be covered and thus provide an effective solution to 
problems that would otherwise cause a high rate of mortality. 

Nonetheless, the new application techniques and devices must solve problems such as how 
to avoid vascular dilation subsequent to the treatment causing periprosthetic losses resulting in 
consequences difficult to solve. 

To avoid this type of problem, internal sutures are used that prove highly effective in 
obtaining a firm union between the vascular walls and the body of the prosthesis. 

These endovascular sutures consist of metal spirals provided with an sharp penetrating end 
and an anchoring end that are applied by means of devices equipped with rotary applicator 
heads. In this manner, the above-mentioned spirals pass through the walls of the prosthesis first, 
and then the vascular walls, achieving a very firm union by means of which the sutured 
prosthesis conveniently accompanies the dilation of the vascular channel. 
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However, the known devices used for this type of treatment include a set of means such as 
distal or proximal inflatable balloons, tubular parts that provide a surgical method in which a 
rotary pusher for the above-cited spiral sutures, auxiliary lines, etc., can function. 

In addition, these devices have a function based on the fact that the operations for 
introducing the sutures are performed inside the vascular channel. 

This device permits disposing of devices such as those mentioned, since both the sutures 
and the means of application are mounted on the prosthesis itself. 

Basically it comprises a prosthetic body over the internal surfaces of which a number of 
connectors are distributed and attached; on the one hand, they connect the respective semi- 
flexible cables to external, rotary control ends while, on the other hand, they are passed through 
by respective spiral sutures controlled by said semi-flexible cables. 

That is, the spiral sutures are already applied to the prosthetic body, as are the semi- 
flexible applicator cables. Once the prosthetic body is expanded, its external surfaces are backed 
against the vascular walls. With this arrangement, the rotary actuation of the semi-flexible cables 
permit the penetrating ends of the spirals to pass through the vascular walls. 

This penetration continues until the anchoring tips of the above-cited spirals meets the 
bases of their respective connectors. In this manner, a firm union is created between the vascular 
channel and the prosthetic body and the semi-flexible cables are simply disconnected and 
withdrawn. 
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This creates an endovascular prosthesis that does not require the introduction of additional 
applicators, that simplifies placement operations and is more economical than other devices 
currently in use, 

H - Illustration 

For greater clarity and better comprehension of the subject of the invention, it is illustrated with 
various figures showing one of the preferred methods of embodiment, all as a simple illustrative 
and not limitative example. 

Figure 1 is a perspective view of the interior passage of the prosthetic body showing the 
semi-flexible cables and corresponding connectors. 

Figure 2a is a perspective view of a connector with its respective semi-flexible cable. A 
spiral suture appears through the mouth of the connector. 

Figure 2b is a perspective view, as in Figure 2a, but showing how the rotation of the cable 
causes the spiral to advance. 

Figure 3 is a perspective view of the internal surface of the prosthetic body. 

Figure 4 is a perspective view of the external surface of the prosthetic body. 

Figure 4a is a longitudinal cross-section of the prosthetic body and the vascular channel for 
the application once the spiral sutures have been applied and the respective semi-flexible cables 
disconnected. 
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Figure 5a is a perspective detail of a connector and the applicator end of the semi-flexible 
cable in which the application movements of the spiral suture are shown. 

Figure 5b is a detail, as in Figure 5a, but showing the disconnection movements of the 
applicator end of the semi-flexible cable. 

In the various Figures, the same reference numbers indicate the same or similar parts, and 
the sets of various components are indicated by letters. 

List of the Main References: 



(a) 


vascular channel for application 


(b) 


prosthetic body 


(c) 


semi-flexible cables 


(1) 


cylindrical walls of prosthetic body (b) 


(!') 


prosthetic passage delimited by cylindrical walls (1) 


(2) 


internal surfaces of cylindrical walls (1) 


(3) 


external surfaces of cylindrical walls (1) 


(4) 


connector in form of small disk 


(4') 


base of connector (4) 


(4") 


mouth of connector (4) 


(5) 


vascular walls of vascular channel (a) 


(6) 


spiral sutures 


(6') 


sharpened penetrating end of spiral suture (6) 
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(7) anchoring end of spiral suture (6) 

(8) long body of semi-flexible cable (b) 

(9) rotary applicator end, disconnectable from cable (b) 
(9') external rotary control end of cable (b). 

m- Main Objective 

For the purposes specific, this endovascular prosthesis with suture holder is of the type that, 
since it can be introduced endoluminally into vascular channel (a) for the application, comprises 
prosthetic body (b) with cylindrical walls (1) and open bases, the is expandable radially up to the 
limit at which its external surfaces (3) come into contact with damaged vascular walls (5) of the 
above-cited vascular channel (a), with internal surfaces (2) of said body (b) forming prosthetic 
circulatory passage (1'); said endovascular prosthesis is characterized in that it comprises: 

a) a number of connectors (4) that, distributed such that they encircle the 
cylindrical walls (1) of prosthetic body (b), are attached to internal surfaces (2) of said 
cylindrical walls (1); 

b) in each connector (4), rotary end (9), which is disconnectable from respective 
semi-flexible cable (c) for applying sutures (6), which cable (c) extends beyond said 
prosthetic passage (1'), ending in an external rotary control end (9 r ); and 

c) passing through each connector (4) and cylindrical wall (1) adjacent to said 
prosthetic body (b), respective spiral suture (6), the anchoring ends (7) of which are 
inserted in said rotary end (9) of its respective semi-flexible cable (b). 
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IV -Description 

This invention consists of an endovascular prosthesis with suture holder that, in general 
terms, comprises prosthetic body (b) on internal surfaces (2) of which a number of connectors 
(4) are distributed and attached that, on the one hand, connect respective semi-flexible cables (b) 
ending in external rotary control ends (9'), while, on the other hand, they are passed through by 
respective spiral sutures (6) controlled by said semi-flexible cables (b). 

More particularly, the endovascular prosthesis consists of prosthetic body (b) with 
cylindrical walls (1) and open bases that can be introduced into vascular channel (a) for the 
application until it reaches its position with regard to the damaged vascular walls (5). It is a 
prosthetic body (5) that can be expanded radially up to the limit at which its cylindrical walls (1) 
contact above-cited vascular walls (5). 

In various methods of embodiment, prosthetic body (b) can be composed of a thermo- 
expandable material or a material expandable by means on an inflatable balloon or similar device. 

Cylindrical walls (1) of prosthetic body (b) are delimited by external (3) and internal (2) 
surfaces. It is precisely on the internal walls (2) that a number of connectors (4) are attached that, 
in the method of embodiment described, consist of parts in the shape of small disks, the mouth 
(4") of which is placed against internal surface (2), while its base (4') remains exposed inside 
prosthetic passage (l 1 ) made up of cylindrical walls (1). These connectors (4) are distributed 
inside cylindrical walls (1), liningthem in a circular manner. 
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At each connector (4), there terminates respective semi-flexible cable (c) for application of 
sutures (6), for which reason, for each connector (4) available, the prosthesis has a semi-flexible 
cable (c). This latter (c) consists of long body (8) with applicator end (9) that can be 
disconnected from connector (4) to which it is connected. Starting from this disconnectable 
applicator end (9), semi-flexible cable (c) extends beyond the prosthetic passage (1') until it 
projects from vascular channel (a), ending in an external control end (9 1 ) which can be connected 
to a rotary device. 

Moreover, each connector (4) is passed through by respective spiral suture (6) provided 
with sharpened penetrating end (6') and, at the opposite end, with anchoring end (7). These spiral 
sutures (6) pass through connectors (4) and prosthetic walls (1) equipped at two alternative end 
positions: one for prosthetic positioning, at which anchoring ends (7) are inserted into applicator 
ends (9) of their respective semi-flexible cables (c); and the other position for placement of the 
prosthesis, in which sharpened ends (6') of said spirals (6) protrude through prosthetic walls (1) 
and pass through vascular walls (5) for the application. 

In this second, prosthetic-placement position, bases (4') of connectors (4) constitute a 
penetration stop for anchoring ends (7) of spiral sutures (6). 

The unit functions in the following manner: 

By means of any suitable introductory device, the endovascular prosthesis is introduced through 
vascular channel (a) for the application until it reaches its position with regard to damaged 
vascular walls (5). 
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Under these conditions, prosthetic body (b) is contracted and spiral sutures (6) passed 
through connectors (4) and cylindrical walls (1) of prosthetic body (b), although without 
projecting externally therefrom further than its external surface (3). 

Once prosthetic body (b) is expanded, its external surfaces (3) are in contact with vascular 
walls (1). With this arrangement, the rotary actuation of semi-flexible cables (c) permits 
penetration ends (6 1 ) of spirals (6) to pass through vascular walls (5). This penetration continues 
until anchoring ends (7) of above-cited spirals (6) stop against bases (4') of respective connectors 
(4). In this manner, a firm union is created between vascular channel (a) and prosthetic body (b). 

It is indubitable that, once this device is used in practice, changes can be made in certain 
design and form details without escaping from the fundamental principles substantiated clearly in 
the following Claims. 
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V - Claims 

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS : 

1) ENDOVASCULAR PROSTHESIS WITH SUTURE HOLDER: of the type that, 
since it can be introduced endoluminally into a vascular channel for application, comprises a 
prosthetic body with cylindrical walls and open bases that can be radially expanded up to the 
limit at which its external surfaces contact the damaged vascular walls of the above-cited vascular 
channel, with the internal surfaces of said body forming a prosthetic circulatory passage; 
characterized in that it comprises: 

a) a number of connectors that, distributed such that they encircle the cylindrical 
walls of the prosthetic body, are attached to the internal surfaces of said cylindrical walls; 

b) in each connector, the rotary end disconnectable from a respective semi-flexible 
cable as an applicator of sutures, which cable extends beyond said prosthetic passage, 
terminating in an external rotary control end; and 

c) passing through each connector and the adjacent cylindrical wall of said 
prosthetic body, a respective spiral suture, the anchoring end of which is inserted in said 
rotary end of its respective semi-flexible cable. 

2) ENDOVASCULAR PROSTHESIS WITH SUTURE HOLDER, pursuant to 
Claim 1: characterized in that the connectors consist of parts in the shape of small disks, the 
base of which constitutes a penetration stop for the anchoring end of the respective spiral suture. 
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3) ENDOVASCULAR PROSTHESIS WITH SUTURE HOLDER, pursuant to 
Claim l: characterized in that the external control ends of the semi-flexible cables form 
connecting ends with a rotary device. 

4) ENDOVASCULAR PROSTHESIS WITH SUTURE HOLDER, pursuant to 
Claim 1: characterized in that the spiral sutures pass through the connectors and the walls of 
the prosthetic body between two alternative end positions: one for prosthetic positioning, in 
which its anchoring ends are inserted in the ends of its respective semi-flexible cables; and another 
prosthetic-placement position in which the sharp ends of said spirals protrude through the 
prosthetic walls and pass through vascular walls for the application. 

5) ENDOVASCULAR" PROSTHESIS WITH SUTURE HOLDER, pursuant to 
Claim 1: characterized in that the walls of the prosthetic body are composed of a thermo- 
expandable material. 

6) ENDOVASCULAR PROSTHESIS WITH SUTURE HOLDER, pursuant to 
Claim 1: characterized in that the connectors encircle the interior of the cylindrical walls, lining 
them in circular fashion. 
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An endo-vascular fastener applicator (50) is 
provided for endo-luminal fastening a prosthetic (100) 
to a vessel with a fastener (80). The applicator (50) 
includes a tubular body (64) that is configured for 
positioning within a vessel, an expandable portion (66) 
disposed adjacent distal end of the tubular body, and 
deployed to support a prosthetic (100) in contact with 
an inner surface of a vessel. A drive assembly (60) is 
included for advancing a fastener (80) into the 
prosthetic (100). The endo-vascular fastener applicator 
(50) may include a control assembly (140). A delivery 
tube (72) may be included that is disposed for 
movement within the tubular body, and which defines a 
channel for movement of the drive assembly there 
within. The delivery tube (72) may include an 
applicator head (73). The applicator head (73) may 
include an injection mount (80) that is disposed for 
movement relative to a prosthetic (100). An endo- 
vascular fastener applicator system (50) is disclosed 
for repairing a damaged portion of a vessel. A method 
for endo-luminal repairing a damaged portion of a 
vessel is disclosed. 
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(54) Title: ENDOVASCULAR FASTENER APPLICATOR 
(57) Abstract 

An endo-vascular fastener applicator (50) is provided for endo-luminal 
fastening a prosthetic (100) to a vessel with a fastener (80). The applicator (50) 
includes a tubular body (64) that is configured for positioning within a vessel, an 
expandable portion (66) disposed adjacent distal end of the tubular body, and deployed 
to support a prosthetic (100) in contact with an inner surface of a vessel. A drive 
assembly (60) is included for advancing a fastener (80) into the prosthetic (100). 
The endo-vascular fastener applicator (50) may include a control assembly (140). A 
delivery tube (72) may be included that is disposed for movement within the tubular 
body, and which defines a channel for movement of the drive assembly there within. 
The delivery tube (72) may include an applicator head (73). The applicator head 
(73) may include an injection mount (80) that is disposed for movement relative to 
a prosthetic (100). An endo-vascular fastener applicator system (50) is disclosed for 
repairing a damaged portion of a vessel. A method for endo-luminal repairing a 
damaged portion of a vessel is disclosed. 
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ENDOVASCULAR FASTENER APPLICATOR 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This Patent Application claims the benefit of U.S. Provisional Application 
Serial No. 60/101,050 filed September 18, 1998, by Parodi et al., the entire contents of 
which are hereby incorporated by reference. 



BACKGROUND 

1. Technical Field 

This disclosure relates generally to vascular grafts for intraluminal delivery, and 
in particular, to a method and apparatus for repairing diseased or damaged sections of a 
vessel by fastening a prosthesis within the vessel. 

2. Description of Related Art 

Diseased or damaged blood vessels often cause weakening of the vessel wall 
resulting in an aneurysm whereby a blood vessel and especially an artery have a section 
of abnormal blood-filled dilation. For example, an abdominal aortic aneurysm is a sac 
caused by an abnormal dilation of the wall of the aorta, a major artery of the body as it 
passes through the abdomen. 

The abdominal aortic aneurysm usually arises in the infrarenal portion of the 
arteriosclerotically diseased aorta, for example, below the kidneys. Left untreated, the 
aneurysm will eventually cause rupture of the sac with ensuing fatal hemorrhaging in a 
very short time. High mortality associated with rupturing led the state of the art into 
trans-abdominal surgical repair of abdominal aortic aneurysms. 

Surgery involving the abdominal wall, however, is a major undertaking with 
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associated high risks. This type of surgery, in essence, involves replacing the diseased 
and aneurysmal segment of blood vessel with a prosthetic device which typically is a 
synthetic tube, or graft, usually fabricated of either DACRON™, TEFLON™, or other 
suitable material. 

The present state of the art for intraluminal repair of a vessel does not fasten a 
prosthesis to the remaining aortic wall. For example, U.S. Patent Nos. 5,571,171 and 
5,571,173 disclose a method and apparatus for treating an abdominal aortic aneurysm by 
supplying a prosthesis or an aortic graft for intraluminal delivery that does not fasten the 
graft to the remaining aortic wall. 

Presenting an aortic graft through the aorta by intraluminal delivery avoids major 
invasive surgery. The ' 1 7 1 and ' 1 73 patents disclose an aortic graft that is delivered 
intraluminally to the aneurysm site. The aortic graft is secured to the remaining aortic 
wall by a balloon that is inflated thereby causing the graft to contact and adhere to the 
remaining aortic wall. 

The major disadvantages related to the combination of endovascular expanders, 
such as a balloon or stent, and prosthesis is the dilation of the natural artery with 
consequent migrations and periprosthetic losses. Upon withdrawal of the expander, the 
tissue is caused to collapse and the prosthesis disengages from the remaining aortic wall 
and tends to migrate to a location away from the aneurysm site to be repaired. The 
migration and movement of the disengaged aortic graft would then obstruct the affected 
vessel. The migration and movement of the aortic graft requires further treatment on the 
patient to remove the failed attempt to attach the aortic graft to the remaining aortic wall. 

Further treatment may include major surgery that is hazardous and traumatic to 
the patient. Major surgery to remove the aortic graft defeats the benefits of intraluminal 
delivery of the aortic graft. The current state of the art does not disclose a fastener 
applicator that intraluminally delivers a vascular graft and endoluminally applies internal 
fasteners to fasten a prosthesis in place. 

Accordingly, there is a present need for a fastener applicator that intraluminally 
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delivers a vascular graft to a site within a vessel and applies fasteners to pass through 
both a prosthesis and the thickness of a vessel wall. The fastened prosthesis should also 
have the capability of following dilation of a vessel. 



SUMMARY 

An endovascular fastener applicator for endoluminally delivering protheses for 
treating a vessel is disclosed. The endovascular fastener applicator includes a delivery 
assembly and a control assembly. The delivery assembly delivers a graft to a site within 
a vessel and fastens the prosthesis to a vessel by passing a fastener therethrough. The 
delivery assembly may include an outer sleeve, delivery tube and drive assembly for 
fastening a prosthesis to a vessel. The control assembly controls operation of the graft 
delivery catheter. At least a portion of the applicator can be fabricated from a shape 
memory material. The applicator can be configured to deploy multiple fasteners. 

In one embodiment, an endovascular fastener applicator is provided for 
endoluminally fastening a prosthetic to a vessel with a fastener, in accordance with the 
present disclosure. The applicator includes a tubular body that is configured for 
positioning within a vessel. An expandable portion is disposed adjacent a distal end of 
the tubular body and is deployable to support a prosthetic in contact with an inner surface 
of a vessel. A drive assembly is also included for advancing a fastener into the prosthetic. 
The drive assembly can be coaxially disposed within the tubular body. The drive 
assembly may include a curved portion oriented at an angle of substantially 90° from a 
longitudinal axis defined by the tubular body. In an alternate embodiment, the drive 
assembly includes a drive rod having a rectangular cross-section. The drive rod 
cooperates with an inner diameter of a fastener whereby movement of the drive rod 
causes advancement of a fastener. The drive assembly may be configured for axial and 
rotational motion. 

The endovascular fastener applicator may include a control assembly that is 
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operatively connected to the drive assembly for extracorporeal control of the applicator. 
In one embodiment, the control assembly includes a handle having a pistol-grip trigger 
configuration. 

The endovascular fastener applicator may include a delivery tube that is disposed 
for movement within the tubular body and which defines a channel for movement of the 
drive assembly therewithin. The delivery tube is configured for advancing a fastener 
within the tubular body. The delivery tube can be coaxially disposed with the tubular 
body. In another embodiment, the delivery tube includes an applicator head configured 
to facilitate deployment of the fastener. The applicator head may have a substantially 
perpendicular orientation to a longitudinal axis defined by the delivery tube. 

The fastener applicator may also include an elongate control positioned for 
movement within the tubular body. The expandable portion is operatively connected to a 
distal end of the tubular body and a distal end of the elongate control. The tubular body 
and the elongate control are manipulable to facilitate support of the prosthetic in contact 
with an inner surface of a vessel. The elongate control can be coaxially disposed with the 
tubular body. 

The expandable portion may include support members that define open interstitial 
regions therebetween. The support members can comprise a plurality of flexible wires. 
The support members may alternatively comprise a plurality of flexible tapes. 

In one embodiment, the drive assembly may include at least one fastener guide 
configured to guide advancement of a fastener. Each fastener guide cooperates with a 
prosthetic for guiding advancement. 

In another alternate embodiment, the applicator head includes an ejection mount 
that is disposed for movement relative to a prosthetic and configured for deployment of a 
plurality of helical fasteners. The ejection mount has an ejection head with a saw toothed 
face which is configured for engaging a prosthetic. A ratchet assembly may be included 
that is configured to facilitate movement of the ejection mount. 

In yet another alternate embodiment, an endovascular fastener applicator system 
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is disclosed for repairing a damaged portion of a vessel. The system includes at least one 
helical fastener and a prosthetic. Each helical fastener having a penetrating end and a 
limiting end. An endovascular fastener applicator, as discussed above, is also included. 
An applicator head, as discussed above, may be included, that is configured for engaging 
an interior portion of the prosthetic to facilitate uniform deployment of each helical 
fastener. A drive rod may have a cross-section corresponding to an interior cross-section 
defined by each helical fastener, and in cooperation, facilitate advancement and 
deployment of each helical fastener. 

In an alternate embodiment, the prosthetic includes an interior band having anchor 
pads circumferential ly spaced about and implanted within die band. The pads correspond 
to the open interstitial regions of the expandable portion. The drive assembly includes 
guide wires configured for guiding advancement of each helical fastener and have anchor 
legs adjacent a distal end of each of the guide wires. The anchor legs releasably engage 
the anchor pads prior to deployment of each helical fastener and are retractable from the 
prosthetic upon deployment of each helical fastener. 

The applicator head may include an ejection mount configured for deploying at 
least one helical fastener and movable relative to an interior circumference of the 
prosthetic for deploying each helical fastener. The ejection mount includes an ejection 
head having a saw-toothed face for engaging the internal circumference of the prosthetic. 
The ejection head facilitates uniform deployment of each helical fastener. 

A method for endoluminally repairing a damaged portion of a vessel is disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments are described herein with reference to the drawings, 
wherein: 

FIG. 1 is a perspective view of one embodiment of an endovascular 
fastener applicator in accordance with the present disclosure; 
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FIG. 2 is a cross-sectional view, in part elevation, of an aortic graft placed 
at the site of an abdominal aortic aneurysm within the aorta; 

FIG. 3 is an enlarged detail view of a portion of FIG. 2 illustrating the 
aortic graft secured to the remaining aortic wall and maintained in position by helical 
fasteners; 

FIG. 4 is a cross-sectional view, in part elevation, of an aortic graft for 
treating an aortic aneurysm affecting the aorta and both ileac arteries; 

FIG. 5 is a perspective view of a helical fastener; 

FIG. 6 is a side elevation view of a helical fastener; 

FIG. 7 is a bottom perspective view taken along line 7-7 of FIG. 6 of a 
helical fastener having a rectangular configuration at its limiting end for cooperating with 
a rectangular drive assembly; 

FIG. 8 is a cross-sectional view taken along line 8-8 of FIG. 7 of a helical 

fastener; 

FIG. 9 is a cross-sectional view, in part elevation, of an endovascular 
fastener applicator; 

FIG. 10 is a cross-sectional view, in part elevation, of a distal portion of 
the applicator at the aneurysm site; 

FIG. 1 1 is a cross-sectional view of the control assembly; 

FIG. 12 is a cross-sectional view, in part elevation, of the applicator at the 
aneurysm site showing an expandable portion causing a prosthesis to contact a vessel 
wall; 

FIG. 13 is a cross-sectional view of the control assembly; 

FIG. 1 4 is a cross-sectional view, in part elevation, of the applicator at the 
aneurysm site showing advance of a delivery tube; 

FIG. 15 is a cross- sectional view of the control assembly; 

FIG. 16 is a cross- sectional view, in part elevation, of the applicator at the 
aneurysm site showing advance of a drive assembly; 
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FIG. 17 is a top view of a helical fastener defining a rectangular 
configuration at its limiting end for cooperating with a rectangular drive assembly, as 
shown in cross-section; 

FIG. 18 is a cross-sectional view of the control assembly; 

FIG. 19 is a cross-sectional view, in part elevation, of the delivery 
assembly showing rotation for insertion of a helical fastener; 

FIG. 20 is a cross-sectional view, in part elevation, of an alternate 
embodiment of the applicator showing the delivery assembly at the aneurysm with 
fastener guides; 

FIG. 21 is an enlarged detail view of a portion of FIG. 20 illustrating a 
helical fastener guided over a drive attached to a fastener guide; 

FIG. 22 is a cross- sectional view, in part elevation, of a helical fastener 
taken along line 22-22 of FIG. 21; 

FIG. 23 is a plan view, in part cross-section, taken along line 23-23 of 
FIG. 20 showing the applicator with fastener guides; 

FIG. 24 is a perspective view of one embodiment of a fastener guide in 
accordance with the present disclosure; 

FIG. 25 is a perspective view, in part cross-section, showing movement of 
the helical fastener over a drive prior to collapsing the fastener guide; 

FIG. 26 is a perspective view, in part cross-section, showing the drive after 
the fastener guide is collapsed and the helical fastener deployed; 

FIG. 27 is a perspective view, showing retraction of the drive and fastener 

guide; 

FIG. 28 is a perspective view of an alternate embodiment of the control 

assembly; 

FIG. 29 is a perspective view of the distal end of an alternate embodiment 
of the drive assembly loaded with a plurality of helical fasteners; 

FIG. 30 is a perspective view showing a helical fastener for loading with a 
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channel of the drive assembly; 

FIG, 31 is a perspective view of an alternate embodiment of a helical 

fastener; 

FIG. 32 is a perspective view of an applicator head and helical fasteners 
5 prior to deployment into a prosthesis; 

FIG. 33 is a perspective view of the helical fastener deployed into the 
prosthesis and artery; 

FIG. 34 is a perspective view of an alternate embodiment of the applicator 
showing the expandable portion in an expanded state; 
10 FIG. 35 is a perspective view of the expandable portion shown in FIG. 34 

in a relaxed state; 

FIG. 36 is an exploded view of the delivery assembly shown in FIG. 34; 

FIG. 37 is an exploded view of the drive assembly shown in FIG. 34; 

FIG. 38 is a perspective view of the drive assembly shown in FIG. 34; 
15 FIG. 39 is a perspective view of an embodiment of an ejection mount ; 

FIG. 40 is a perspective view of the ejection mount showing a set screw 
and cam divider for cooperating with the drive assembly; 

FIG. 41 is a cross-sectional view of the applicator with the expandable 
portion in a relaxed state and a prosthetic having a sealing gasket; 
20 FIG. 42 is a cross -sectional view, in part elevation, of the distal end of the 

applicator; 

FIG. 43 is a cross-sectional view, in part elevation, with the expandable 
portion in an expanded state; 

FIG. 44 is an enlarged cross-sectional view, in part elevation, of the distal 
25 end of the applicator; 

FIG. 45 is a perspective view of the expandable portion in an expanded 
state and the ejection mount loaded with helical fasteners; 

FIG. 46 is a cross-sectional view, in part elevation, with the ejection 
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mount pivoted for deployment of helical fasteners; 

FIG. 46A is a perspective view, in part cross-section, an alternate 
embodiment of the ej ection mount pivoted for deployment of helical fasteners; 

FIG. 47 is a cross-sectional view, in part elevation, of the ejection mount 
5 engaging the aortic graft prior to deployment of helical fasteners; 

FIG. 48 is a perspective view, in part cross-section, showing deployment 
of helical fasteners; 

FIG. 49 is a perspective view, in part cross-section, showing retraction of 
the ejection mount; 

10 FIG. 50 is a cross-sectional view, in part elevation, showing the ejection 

mount subsequent to deployment of a helical fastener; and 

FIG. 51 is a top view of the applicator, showing movement of the ejection 
mount prior to deployment of a helical fastener. 

15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

As illustrated in FIG. 1, the present disclosure relates to an endovascular fastener 
applicator, generally referred to as numeral 50. Endovascular fastener applicator 50 
delivers aortic graft 100, as shown in FIGS. 2 and 3, for repairing an abdominal aortic 

20 aneurysm 120 in aorta 124 having two iliac arteries 126L and 126R associated therewith, 

as well as a plurality of renal arteries 130 located above aneurysm 120 in fluid 
communication with aorta 124. Repairing the aneurysm includes fastening an aortic graft 
1 00 to an aortic wall 1 32 by fasteners 80. Aortic graft 1 00, as well as other prostheses, 
may be utilized in the thoracic aorta, and can be used to repair thoracic aneurysms or 

25 thoracic dissecting aneurysms. Further, the fastener applicator 50 may also treat vascular 

trauma and other obstructive diseases with various prostheses. Accordingly, use of the 
term aortic aneurysm in this specification and claims is intended to relate to and mean 
both abdominal aortic aneurysms, thoracic aneurysms and related vessel diseases. 
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Endovascular fastener applicator 50 has a delivery assembly 60 and a control 
assembly 140. Delivery assembly 60, as illustrated in FIG. 9, includes a tubular body, 
such as, for example, an outer sleeve 64, an elongate control 68, a delivery tube 72 and a 
drive assembly 76, each having a proximal and distal end relative to control assembly 
140. Outer sleeve 64 defines a channel 65 and is adapted for insertion within aorta 
124(as shown in FIG. 10) and has an expandable portion 66 operatively connected at its 
distal end. Elongate control 68 is coaxially positioned within channel 65 of outer sleeve 
64 and is operatively connected to expandable portion 66 at its distal end. Delivery tube 
72 defines a channel 71 and is coaxially positioned within channel 65 of outer sleeve 64 
and adapted for advancing a helical fastener 80 to the abdominal aortic aneurysm site. 
Drive assembly 76 is coaxially positioned within channel 71 of delivery tube 72 and 
adapted for advancing, in cooperation with delivery tube 72, and deploying helical 
fastener 80 into aortic graft 100 and aorta wall 132. It is contemplated that the 
components of the delivery assembly may be alternately oriented relative to each other, 
such as, for example, bi-axial, offset, etc. It is further contemplated that the components 
of delivery assembly 60 are flexible and may be constructed from a shape memory 
material. 

Operation of endovascular fastener applicator 50 is controlled by control assembly 
140. As shown in FIGS. 1 and 9, control assembly 50 includes outer sleeve push bar 146, 
expandable portion control 150, delivery tube push bar 148 and handle 144. Outer sleeve 
push bar 146 is operatively connected to the proximal end of outer sleeve 64 for 
regulating movement of outer sleeve 64. Expandable portion control 150 is operatively 
connected to the proximal end of elongate control 68, which in turn is connected to 
expandable portion 66. Correspondingly, expandable portion control 150 controls the 
expansible force AA (shown in FIG. 12) exerted by expandable portion 66 for supporting 
aortic graft 100 in contact with aortic wall 132. Outer sleeve push bar 146 may also be 
adapted to influence expansible force AA. 

Delivery tube push bar 148 is operatively connected to the proximal end of 
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delivery tube 72 for regulating movement of delivery tube 72. Handle 144 is operatively 
connected to the proximal end of drive assembly 76, for controlling axial and rotational 
movement of drive assembly 76, described in detail below. 

As shown in FIG. 9, drive assembly 76 includes a drive 78. Drive 78 at its distal 
end has a curved portion 79 oriented at substantially 90° to the longitudinal axis of outer 
sleeve 64 and delivery tube 72 (similarly shown in FIGS. 10 and 12). It is contemplated 
that the curved portion may be positioned at various angular orientations. Drive 
assembly 76 transmits rotational motion from its proximal end to its distal end and 
through its curved portion 79 to facilitate deployment of helical fasteners 80 into the 
aortic graft 100 and aortic wall 132. 

In one embodiment, as illustrated in FIGS. 5-8, helical fasteners 80 have a 
sharpened distal end 81 and a penetration limit end 82. Helical fastener 80 has an outer 
diameter 83 and an inner diameter 84. Outer diameter 84 facilitates penetration of 
sharpened distal end 81 into aortic graft 100 and aortic wall 132. The surface of inner 
diameter 84 cooperatively engages drive assembly 76 and delivery tube 72 at their distal 
ends to facilitate loading of helical fastener 80 into endovascular fastener applicator 50. 
Preferably, inner diameter 84 and penetration limit end 82 have a rectangular 
configuration for cooperative engagement with drive assembly 76, drive assembly 76 also 
having a rectangular configuration at its distal end. Although a helical fastener is 
disclosed it is contemplated that fastener 80 may have various configurations, such as, for 
example, cylindrical, triangular, etc. It is further contemplated that fasteners 80 are of the 
metallic fastener staple type and are preferably made from stainless steel but may be 
constructed from a polymeric material. 

In the embodiment illustrated in FIG. 9, drive 78 is made from a shape memory 
alloy whereby drive 78 assumes the curved configuration of curved portion 79 upon 
exiting delivery tube 72. Delivery tube 72 may also include an applicator head 73 at its 
distal end having a curved orientation to facilitate deployment of helical fasteners 80, as 
shown in FIGS. 14, 16 and 19. Helical fasteners 80, as shown in FIG. 3, are deployed 
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into aortic graft 100 and aortic wall 132 for fastening. 

In an alternate embodiment, repair of abdominal aortic aneurysm 120, as shown in 
FIG. 10, proceeds by insertion of endovascular fastener applicator 50 into aorta 124 and 
advancing to the abdominal aortic aneurysm site by manipulation by a surgeon of control 
assembly 140. Endovascular fastener applicator 50 delivers aortic graft 100 to abdominal 
aortic aneurysm 120 by advancing the aortic graft 100 so that a sufficient portion of aortic 
graft 100 is brought in contact with aortic wall 132. Aortic graft 100 is a conventional 
tubular graft made of DACRON®, TEFLON® (polytetrafluoroethylene) and the like and 
is of a length sufficient to span the abdominal aortic aneurysm 120. 

With reference to FIGS. 11-19, delivery assembly 60 and aortic graft 100 are 
delivered to the abdominal aneurysm site by manipulation of outer sleeve push bar 146, 
as shown by arrows A in FIG. 1 1. Aortic graft 100 is positioned at the abdominal 
aneurysm site. Expandable portion 66 is caused to expand, shown by arrows AA in FIG. 
12, in response to cooperative manipulation of outer sleeve push bar 146 and elongate 
control 68. Outward radial force AA supports aortic graft 100 in contact with aortic wall 
132. Expandable portion 66 facilitates fastening of aortic graft 100 with aortic wall 132 
by deployment of helical fasteners 80. In this embodiment, expandable portion 66 
includes support members 67 that define interstitial regions 70 therebetween. Helical 
fasteners 80 are deployed through interstitial regions 70 and into aortic graft 100. It is 
contemplated that helical fasteners 80 may be deployed at various locations about the 
circumference of aortic graft 100 relative to the number of support members 67 and 
spacing of interstitial regions 70. 

Delivery tube push bar 148 is manipulated to axially advance delivery tube 72 
within outer sleeve 64, as shown by arrows B in FIG. 13. At its distal end, delivery tube 
72 has an applicator head 73 configured to have a substantially perpendicular orientation 
to the longitudinal axis of delivery tube 72. Drive 78 follows the substantially 
perpendicular orientation of delivery tube 72 to facilitate deployment of helical fasteners 
80. It is contemplated that applicator head 73 may have various configurations and 
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orientations to facilitate deployment of helical fasteners 80. 

With reference to FIG. 14, delivery tube 72 is advanced to a location where aortic 
graft 100 will be fastened to aortic wall 132. A loaded helical fastener 80 is oriented for 
deployment by applicator head 73, as shown by arrows C. Applicator head 73 is 
articulable in a clockwise and a counter-clockwise direction about the inner surface of 
graft 100. The surface of inner diameter 84 and penetration limit end 82 of helical 
fastener 80 have a rectangular configuration for cooperative engagement with drive 
assembly 76, drive assembly 76 also having a rectangular configuration at its distal 
end(F!G. 17). It is contemplated that the remainder of drive assembly 76 may not be in 
cooperative engagement with the surface of inner diameter 84. Helical fastener 80 has a 
substantially circular cross-section. It is envisioned that other cross-sectional 
configurations may be used that are suitable for fastening. 

With reference to FIG. 15 and 16, handle 144 is manipulated to advance drive 
assembly 76. A torque is applied to handle 144 transmitting a rotational force from the 
proximal end to the distal end of drive assembly 76. The rectangular configuration of 
drive assembly 76 cooperates with the rectangular configuration of the surface of inner 
diameter 84 causing rotational movement of helical fastener 80. The sharpened distal end 
81 of helical fastener 80 contacts the interior wall 102 of aortic graft 100 thereby 
facilitating deployment of fastener 80 into aortic graft 100 and aortic wall 132. Helical 
fastener 80 penetrates aortic graft 100 and aortic wall 132 to penetration limit end 82 
thereby fastening aortic graft 100 to aortic wall 132. 

In the embodiment shown in FIG. 19, delivery tube 72 cooperates with elongate 
control 68 at junction 69. Junction 69 facilitates rotation of delivery tube 72 and drive 
assembly 76 positioned coaxially therewithin, to a location for deployment of helical 
fasteners 80, as shown in FIG. 19 by arrow D. Junction 69 rotates by manipulation of 
expandable portion control 150, as shown in FIG. 18. Delivery tube 72 is retracted from 
the fastening site and loaded with another helical fastener 80 for subsequent deployment 
at another location along the diameter of aortic graft 100. As many helical fasteners 80 
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may be deployed as are necessary to adequately fasten aortic graft 100 to aortic wall 132. 
Fastening in this manner prevents periprosthetic losses and accidental migration of aortic 
graft 100. It is contemplated that multiple helical fasteners 80 may be loaded into 
endovascular fastener applicator 50. 

In another embodiment, as shown in FIGS. 20-27, endovascular fastener 
applicator 50 positions aortic graft 100 at the aneurysm site and in contact with aortic 
wall 132. Referring to FIG. 20 aortic graft 100 includes band 104 having anchor pads 

1 07 implanted therewithin. As shown in FIG.23, anchor pads 1 07 are implanted 
circumferentially about band 104. Band 104 may be fabricated from, such as, for 
example, polytetrafluoroethylene. Anchor pads 107, are implanted within band 104 
corresponding to interstitial regions 70 located between support members 67 of 
expandable portion 66. Referring to FIG. 23, pads 107 have a substantially circular 
configuration. It is envisioned that the pads may have other configurations such as, for 
example, rectangular, elliptical, etc. 

Anchor pads 107 cooperatively engage fastener guides 106 positioned at the distal 
end of drive assembly 76. Anchor pads 1 07 and fastener guides 106 cooperate to provide 
a guided deployment of helical fasteners 80 and facile release of drive assembly 76 from 
the aneurysm site. Referring to FIGS. 21 and 22, drive assembly 76 further includes 
multiple guide wires 77 releasably attached to fastener guides 106. Guide wires 77 
facilitate guided travel of fasteners 80. 

Referring back to FIG. 24, fastener guides 106 include anchor legs 108. Anchor 
legs 108 are resiliency biased so that upon deployment of helical fastener 80, anchor legs 

108 are caused to collapse and release from band 104. Anchor legs 108 are connected to 
multiple guide wires 77 so that after collapse and release of anchor legs 108, multiple 
guide wires 77 are retracted from the fastening site. Anchor pad 107 is retained within 
band 104 after helical fastener 80 is deployed. 

As shown in FIG. 25, expandable portion 66 supports aortic graft 100 in contact 
with aortic wall 132. Applicator head 73 of delivery tube 72 is configured and 
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dimensioned to cooperate with inner diameter 84 to advance a helical fastener 80 over 
multiple guide wires 77, as shown by arrows E. As helical fastener 80 is deployed, 
anchor legs 108 are caused to collapse, shown by arrows F in FIG. 26. Delivery tube 72 
causes rotational movement of helical fastener 80 and corresponding penetration of band 
104, aortic graft 100 and aortic wall 132, facilitating fastening. 

Delivery tube 72 is retracted subsequent to deployment of helical fastener 80 and 
multiple guide wire 77 is also retracted, as shown in FIG. 27, with helical fastener 80 in a 
deployed position. Delivery tube 72 is subsequently loaded with another helical fastener 
80 for deployment from another of multiple guide wires 77. As many helical fasteners 80 
may be deployed as are necessary to adequately fasten aortic graft 100 to aortic wall 132. 
It is contemplated that at least a portion of the fastener guides and/or guide wires may 
remain fixed to the prosthetic upon deployment of a fastener. 

In another embodiment as shown in FIG. 28, control assembly 140 includes a 
handle 110 and a trigger 120 for controlling operation of endovascular fastener applicator 
50. In this embodiment, handle 110 controls advancement of delivery tube 72 (not 
shown) and trigger 120 controls advancement of drive assembly 76 (not shown) and 
deployment of helical fasteners 80 (not shown). 

In another embodiment, as illustrated in FIGS. 29-33, a plurality of helical 
fasteners 80 are loaded in endovascular fastener applicator 50 for deployment. As shown 
in FIG. 30, drive assembly 76 defines a channel 75 for accepting helical fasteners 80 
(FIG. 31). In particular, penetration limit end 82 of helical fastener 80 slidably engages 
channel 75 providing a plurality of helical fasteners 80 for deployment, as shown in FIG. 
29. Applicator head 73 of delivery tube 72 engages band 104, as shown in FIG. 32, and 
drive assembly 76 advances helical fasteners 80 to penetrate band 104, aortic graft 100 
and aortic wall 132, shown by arrows G. As shown in FIG. 33, aortic graft 100 is 
fastened to aortic wall 1 32 of aorta 124 by helical fastener 80. After deployment of a 
helical fastener 80, delivery tube 72 is rotated to deploy another of the plurality of helical 
fasteners 80, consequently reloading is not required. 
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In another embodiment, as illustrated in FIGS. 34-51, expandable portion 66 is 
capable of moving between two extreme positions. A relaxed position, as shown in FIG. 
35, and an expanded position, as shown in FIG. 34. In the embodiment illustrated in FIG. 
34, expandable portion 66 includes support members 67 that define open interstitial 
regions 70. 

As best shown in FIG. 36, outer sleeve 64 operatively engages with expandable 
portion 66 for controlling operation between the two extreme positions. Expandable 
portion 66 has an atraumatic head 200 attached to opening 210 defined at the distal end of 
expandable portion 66 and opening 212 defined at its proximal end for receiving 
applicator head 73 of delivery tube 72. Applicator head 73 includes ejection mount 250 
for deployment of a plurality of helical fasteners 80 from drive assembly 76. 

Ejection mount 250, as shown in FIG. 36, includes yoke 256 and ejection head 
260. Yoke 256 engages penetration head 200 for coaxial positioning within expandable 
portion 66. Ejection head 260 is pivotally positioned within yoke 256. Ejection head 260 
includes a cam divider 262 and a saw- toothed face 264. Ejection head 260 is capable of 
rotational movement relative to delivery tube 72 and pivotal movement between two 
extreme positions. A first extreme position is coaxial with delivery tube 72 and a second 
extreme position is perpendicular to the longitudinal axis of delivery tube 72 and in 
position to deploy a helical fastener 80. 

With reference to FIGS. 37 and 38, drive assembly 76 includes distal drive 280, 
proximal drive 284, outer drive 285, ratchet assembly 286, spring 294 and washer 296. 
Distal drive 280 defines a slot 281 for receiving penetration limit end 82 for loading a 
plurality of helical fasteners 80. The plurality of helical fasteners 80 are spring loaded 
onto drive assembly 76 and separated from spring 294 by washer 296. 

Distal drive 280 is operatively connected to ratchet assembly 286 which is 
operatively connected to proximal drive 284 and outer drive 285. Ratchet assembly 286 
includes ratchet sleeve 287 which defines opening 288 for receipt of distal drive 280. 
Manipulation of proximal drive 284 causes movement of distal drive 280 to facilitate 



-16- 



CA 02344252 2001-03-16 

WO 00/16701 PCT/TJS99/21414 

deployment of helical fasteners 80. Ratchet sleeve 287 also defines opening 289 for 
receipt of proximal drive 284. Ratchet sleeve 287 is slidably received within ratchet 
retainer 290 for cooperative engagement with outer drive 285. Ratchet retainer 290 
defines opening 291 for receiving ratchet arm 292. 

As shown in FIGS. 39 and 40, ratchet arm 292 engages ejection head 260. 
Ratchet arm 292 is positioned within cam divider 262 in ejection head 260 and secured 
therein by set screw 298. It is contemplated that ratchet arm 292 is crimped in place 
within ejection head 260 and that no set screw is required. It is further contemplated that 
ratchet arm 292 may be fixed within ejection head 260 as is known by one skilled in the 
art. Manipulation of outer drive 285 engages ratchet retainer 290 and ratchet arm 292 
causing pivotal movement of ejection head 260 relative to delivery tube 72. 

As illustrated in FIGS. 41 and 42, delivery assembly 60 is positioned at the 
aneurysm site of abdominal aortic aneurysm 120. Aortic graft 100 is positioned for 
fastening to aortic wall 132 of aorta 124. Aortic graft 100 has band 104. Aortic graft 100 
may also have gasket 105, as shown in FIG. 41, sewn to the outside diameter of aortic 
graft 100 to prevent leakage of fluid. 

Expandable portion 66 is in a relaxed state, as shown in FIGS. 41 and 42. Aortic 
graft 100 is positioned at the abdominal aneurysm site and expandable portion 66 is 
caused to expand by axial motion of outer sleeve 64, shown by arrows I in FIG. 44 and by 
arrows H in FIG. 43, illustrating the outward force of support members 67 used to 
support aortic graft 100 in contact with aortic wall 132. Expandable portion 66 facilitates 
fastening of aortic graft 100 with aortic wall 132 for deployment of helical fasteners 80 
by securing aortic graft 100 in contact with aortic wall 132. It is contemplated that 
helical fasteners 80 may be deployed from ejection mount 250 through interstitial regions 
70 between support members 67. The helical fasteners 80 are deployed about the 
circumference of aortic graft 100 relative to the number of support members 67 and 
spacing of interstitial regions 70. 

As shown in FIG. 45, drive assembly 76 is loaded with a plurality of helical 
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fasteners 80. Referring to FIG. 46, delivery tube 72 has an ejection arm 310 positioned at 
its distal end facilitating pivotal movement of ejection mount 250. An arm 292 functions 
as an ejection arm to ejection head 260. This provides extra holding force on the graft 
which pivots ejection head 260 positioned at its distal end. Ejection arm 310 includes a 
slider 312 received within a cam slot 300 defined by ejection head 260. Cam slot 300 
further defines the relative movable limits of slider 312 and thus ejection arm 310. 

Delivery tube 72 is manipulated advancing ejection arm 310 axially causing 
pivotal movement of ejection head 260, shown by arrow J, and positioning ejection head 
260 for deployment of helical fasteners 80. Ejection head 260 is positioned in a 
substantially perpendicular orientation to the longitudinal axis of delivery tube 72. 

It is contemplated that ejection arm 3 10 has alternate orientations for causing 
movement of ejection head 260. For example, in an alternate embodiment shown in FIG. 
46 A, ejection head 260 pivots within expandable portion 66 and is positioned at the 
center of expandable portion 66. Saw-toothed face 264 is positioned at a closer proximity 
to the inner surface of graft 100 for accurate deployment of a fastener. At the center 
position, ejection head 260 spans a diameter that expandable portion 66 supports aortic 
graft 100 in contact with aortic wall 132. In this embodiment, ejection arm 310 is fixed at 
a maximum angle relative to delivery tube 72. 

Drive assembly 76 is manipulated so that ejection head 260 engages band 104 of 
aortic graft 100 for deployment of helical fasteners 80, as illustrated in FIG. 47. Outer 
drive 285 and proximal drive 284 are advanced, shown by arrows K. Ejection arm 292 
correspondingly axially positions saw-tooth face 264 of ejection head 260 to contact band 
104 of aortic graft 100, as shown by arrow L. Ejection arm 292 may also cause rotational 
movement of ejection head 260 and saw-tooth face 264 for engaging aortic graft 100. 

With reference to FIG. 48, distal drive 280 advances and is rotated causing helical 
fasteners 80 to penetrate and fasten aortic graft 100 and aortic wall 132, as shown by 
arrow M. 

As shown in FIG. 49, delivery tube 72 is manipulated so that ejection arm 310 
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pivotally retracts ejection head 260 to a position substantially parallel to the longitudinal 
axis of delivery tube 72, as shown by arrows MM. 

FIG. 50 illustrates a retracted ejection mount 250 subsequent to deployment of 
one of a plurality of helical fasteners 80. A rotational force is transmitted from the 
proximal end to the distal end of drive assembly 76, shown by arrows N„ thereby driving 
and axially advancing another of the plurality of helical fasteners 80, shown by arrows P, 
for deployment by ejection head 260 at a new deployment site. 

FIG. 51 shows ejection head 260 positioned in a substantially perpendicular 
orientation to the longitudinal axis of delivery tube 72{not shown). Ejection head 260 is 
rotated to a new deployment site to deploy another of the plurality of helical fasteners 80 
(not shown). As many helical fasteners 80 may be deployed as are necessary to 
adequately fasten aortic graft 100 to aortic wall 132. 

It will be understood that various modifications may be made to the embodiments 
disclosed herein. For example, while specific preferred embodiments of the endovascular 
fastener applicator have been described in detail, structures that perform substantially the 
same function in substantially the same way to achieve substantially the same result may 
also be used. For example, the expandable portion may include expanding wires for 
supporting a prostheses in contact with a vessel wall. Also the fastener guide may be 
implanted completely through the thickness of the aortic graft. Further, the helical 
fasteners may be constructed from various suitable materials or may embody one 
continuous fastener that is severable at the point of insertion. Therefore, the above 
description should not be construed as limiting, but merely as exemplifications of 
preferred embodiments, those skilled in the art will envision other modifications within 
the scope and spirit of the present disclosure. 
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WHAT IS CLAIMED IS: 

1. An endovascular fastener applicator for endoluminally fastening a 
prosthetic to a vessel with a fastener, the applicator comprising: 

a tubular body configured for positioning within a vessel; 

an expandable portion disposed adjacent a distal end of the tubular body 
and being deployable to support a prosthetic in contact with an inner surface of a vessel; 
and 

a drive assembly for advancing a fastener into the prosthetic. 

2. An endovascular fastener applicator as recited in claim 1, further 
comprising a control assembly operatively connected to said drive assembly for 
extracorporeal control of the applicator. 

3. An endovascular fastener applicator as recited in claim 1, further 
comprising a delivery tube being disposed for movement within the tubular body and 
defining a channel for movement of the drive assembly therewithin, the delivery tube 
being configured for advancing a fastener within the tubular body. 



-20- 



CA 02344252 2001-03-16 

WO 00/16701 PCT/US99/2I414 

4. An endovascular fastener applicator as recited in claim 1, further 
comprising an elongate control positioned for movement within the tubular body, 
wherein the expandable portion is operatively connected to a distal end of the tubular 
body and a distal end of the elongate control, the tubular body and the elongate control 
being manipulate to facilitate support of the prosthetic in contact with an inner surface 
of a vessel. 

5. An endovascular fastener applicator as recited in claim 4, wherein the 
elongate control is coaxially disposed with the tubular body. 

6. An endovascular fastener applicator as recited in claim 3, wherein the 
delivery tube is coaxially disposed with the tubular body. 

7. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly is coaxially disposed with the tubular body. 

8. An endovascular fastener applicator as recited in claim 1, wherein at 
least a portion of the applicator is fabricated from a shape memory material. 

9. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly includes a curved portion oriented at an angle of substantially 90° from a 
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longitudinal axis defined by the tubular body. 

10. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly is configured for axial and rotational motion. 

5 

1 1 . An endovascular fastener applicator as recited in claim 3, wherein the 
delivery tube includes an applicator head configured to facilitate deployment of a 
fastener. 

10 1 2. An endovascular fastener applicator as recited in claim 1 , wherein the 

expandable portion includes support members that define open interstitial regions 
therebetween. 

13. An endovascular fastener applicator as recited in claim 12, wherein 
1 5 the support members comprise a plurality of flexible wires. 

14. An endovascular fastener applicator as recited in claim 12, wherein 
the support members comprise a plurality of flexible tapes. 

20 15. An endovascular fastener applicator as recited in claim 1 1 , wherein 

the applicator head has a substantially perpendicular orientation to a longitudinal axis 
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16. An endovascular fastener applicator as recited in claim 1 , wherein the 
drive assembly includes a drive rod having a rectangular cross-section, the drive rod 
cooperating with an inner diameter of a fastener whereby movement of the drive rod 
causes advancement of a fastener. 

17. An endovascular fastener applicator as recited in claim 1, wherein the 
applicator is configured to deploy multiple fasteners. 

18. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly includes at least one fastener guide configured to guide advancement of a 
fastener, each fastener guide cooperates with a prosthetic for guiding advancement of a 
fastener. 

19. An endovascular fastener applicator as recited in claim 2, wherein the 
control assembly includes a handle having a pistol-grip trigger configuration. 

20. An endovascular fastener applicator as recited in claim 11, wherein 
the applicator head includes an ejection mount disposed for movement relative to a 
prosthetic and configured for deployment of a plurality of helical fasteners, the ejection 
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mount has an ejection head with a saw toothed face configured for engaging a prosthetic, 
facilitating uniform deployment of each fastener deployed. 



21. An endo vascular fastener applicator as recited in claim 20, further 
including a ratchet assembly configured to facilitate movement of the ejection mount. 

22. An endovascular fastener applicator system for repairing a damaged 
portion of a vessel, the system comprising: 

at least one helical fastener, each helical fastener having a penetrating end 
and a limiting end; 

a prosthetic; and 

an endovascular fastener applicator including: 

a tubular body configured for positioning within a vessel; 

a delivery tube being disposed for movement within the tubular body and 
configured for advancing each helical fastener within the tubular body, the delivery tube 
including an applicator head adjacent a distal end thereof, the applicator head being 
configured for deploying each helical fastener and having a substantially perpendicular 
orientation relative to a longitudinal axis defined by the delivery tube; 

an expandable portion being operative ly connected adjacent the distal end 
of the tubular body and including support members that define open interstitial regions, 
the support members being configured to support the prosthetic in contact with an inner 
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surface of the vessel; 

a drive assembly being disposed for axial and rotational movement within 
the delivery tube, the drive assembly including a drive rod configured to cooperate with 
the helical fastener for advancing the helical fastener and facilitating deployment thereof 
to the prosthetic; and 

a control assembly operatively connected to the drive assembly for 
extracorporeal control of the applicator. 

23. An endovascular fastener applicator system as recited in claim 22, 
wherein the applicator head is configured for engaging an interior portion of the 
prosthetic to facilitate uniform deployment of each helical fastener. 

24. An endovascular fastener applicator system as recited in claim 22, 
wherein the drive rod has a cross-section corresponding to an interior cross-section 
defined by each helical fastener and in cooperation facilitates advancement and 
deployment of each helical fastener. 

25. An endovascular fastener applicator system recited in claim 22, 
wherein the prosthetic includes an interior band having anchor pads circumferentially 
spaced about and implanted within the band, the pads corresponding to the open 
interstitial regions of the expandable portion, the drive assembly further including guide 



-25- 



CA 02344252 2001-03-16 

WO 00/16701 PCT/US99/21414 
wires being configured for guiding advancement of each helical fastener and having 
anchor legs adjacent a distal end of each of the guide wires, the anchor legs releasably 
engaging the anchor pads prior to deployment of each helical fastener and being 
retractable from the prosthetic upon deployment of each helical fastener. 

26. An endovascular fastener applicator system as recited in claim 22, 
wherein the applicator head includes an ejection mount being configured for deploying at 
least one helical fastener and movable relative to an interior circumference of the 
prosthetic for deploying each helical fastener, the ejection mount including an ejection 
head having a saw-toothed face for engaging the internal circumference of the prosthetic, 
the ejection head facilitating uniform deployment of each helical fastener. 

27. An endovascular fastener applicator system as recited in claim 26, 
further including a ratchet assembly being configured to facilitate movement of the 
ejection mount. 

28. A method for endoluminally repairing a damaged portion of a vessel, 
the method comprising the steps of: 

providing an endovascular fastener applicator for endoluminally fastening 
a prosthetic to a vessel with a fastener, the applicator including: a tubular body 
configured for positioning within a vessel, an expandable portion disposed adjacent a 
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distal end of the tubular body and being deployable for supporting a prosthetic in contact 
with an inner surface of a vessel, and a drive assembly for advancing a fastener into a 
prosthetic; 

expanding the expandable portion adjacent an inner surface of the vessel 
5 to facilitate support of a prosthetic in contact with a vessel; 

advancing a fastener with the drive assembly to a site for deployment of 
the fastener; and 

deploying the fastener with the drive assembly to penetrate the prosthetic. 
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Beschreibung 

Die Erfindung betrifft ein Einschraubgerat gemaB 
Oberbegriff von Anspruch 1 und2. 

Aus der DE-26 41 828 Al ist ein Einschraubgerat der 
genannten Gattung bekannt, mit dem zu einem Schrau- 
benstreifen verbundene Schrauben einschraubbar sind, 
wobei diese Schrauben durch eine Zufuhrvorrichtung 
aus einem Magazin einem FfihrungsfuB zugefuhrt wer- 
den. Dieser FfihrungsfuB ist verschiebbar an einem mit 
einer Einschraubklinge versehenen Antriebsmotor an- 
geordnet, wobei zum Einschrauben der Schraube der 
Antriebsmotor gegen den FuhrungsfuB von Hand ge- 
gen Federwirkung verschoben werden muB. Bei dieser 
Vorschubbewegung wird gleichzeitig die Zufuhrvor- 
richtung betatigt 

Aus der DE 17 03 418 Al ist ein Einschraubgerat be- 
kannt, bei dem der Antriebsmotor linear im AnschluB an 
die Einschraubklinge angeordnet ist Das Einschraubge- 
rat wird daher entsprechend verlangert und ist beson- : 
ders bei beengten Raumverhaltnissen schlecht zu hand- 
haben Der Vorschub der Einschraubklinge erfolgt 
pneumatisch, bei Verwendung eines Elektromotors zum 
Antrieb der Einschraubklinge ist daher zusatzlich zum 
elektrischen AnschluB noch eine Druckluftleitung not- : 
wendig. Damit wird dieses bekannte Einschraubgerat in 
weiterem MaBe teuer und unhandlich. 

Weiterhin zeigt die DE 22 10 789 Al ein pneumati- 
sches Kombinationswerkzeug zum Einschrauben und 
KrOpfen von Muttern, bei dem der Antriebsmotor quer . 
zur Achse der Einschraub- und Kropfvorrichtung ange- 
ordnet ist. Ein Hubkeil fiihrt dabei eine Axialbewegung 
aus, die jedoch lediglich zum Umschalten von einer Ein- 
schraubstellung in cine Krdpfstellung fiihrt. 

Aus der DE 28 28 379 Al ist noch ein Dnuckluftwerk- 
zeug bekannt, dessen Absperrventil eine Fuhrungsstan- 
ge aufweisi, die durch einen Elektrornagneten fixierbar 
ist, d. h. dieser Elektromagnet dient zur Betatigung eines 
Ventils. 

Der Erfindung liegt daher die Aufgabe zugrunde, ein 
Einschraubgerat der eingangs genannten Art zu schaf- 
fen, das bei kompakter Bauweise mit nur einer Hand 
bequem bedienbar ist und das eine hohe Arbeitsge- 
schwindigkeit erlaubt. 

Diese Aufgabe wird erfindungsgemaB durch die im 
kennzeichnenden Teil der Anspruche 1 und 2 angegebe- 
nen Merkmale gelost. 

Ein Einschraubgerat gemaB Erfindung ergibt eine 
kompakte und kurze Bauweise, dessen Griff in der Nahe 
des Schwerpunktes des Gesamtgerates liegt und das 
verhaltnismaBig leicht ausgefuhrt werden kann. Es ist 
somit zuverlassig mit einer Hand bedienbar, so daB die 
andere Hand des Bedienungsmannes frei ist zum Fest- 
halten z. B. des anzuschraubenden Werkstiickes. Da die 
Relativbewegung zwischen Antriebsmotor und Fuh- 
rungsfuB entfallt und der Vorschub und Ruckhub der 
Einschraubklinge unabhangig von der Bewegung des 
Bedienungsmannes erfolgt, ergibt sich eine Steigerung 
der Arbeitsgeschwindigkeit. 

Im folgenden sind Ausfuhrungsbeispiele der Erfin- 
dung nntpr RpTiignahme auf die Zeichnungen naher be- 
schrieben, Es zeigt 

Fig. 1 Einschraubgerat mit elektrischem, quer zur 
Achse der Einschraubklinge angeordneten Antriebsmo- 
tor, teilweise geschnitten, 

Fig. 2 Einschraubgerat mit elektrischem, axial ange- 
ordnetem Antriebsmotor, teilweise geschnitten, 

Fig. 3 Einschraubgerat mit einer weiteren Ausfiih- 



rungsform der Vorschubvorrichtung, teilweise geschnit- 
ten, 

Fig. 4 Einschraubgerat mit druckluftbetriebenem, 
axial angeordnetem Antriebsmotor, teilweise geschnit- 
5 ten. 

Bei dem in Fig. 1 dargestellten Einschraubgerat ist 
mit einem Gehause t ein FuhrungsfuB 2 durch Gehause- 
schrauben 3 fest verbunden. In einer Fflhrungsbohrung 

4 ist eine Einschraubklinge 5 axial verschiebbar gela- 
0 gert, die zum Einschrauben einer bereitgestellten 

Schraube 6 in ein Werkstfick 7 dient Diese Schraube 6 
ist Teil eines spiralig aufgewickelten Schraubenstreifens 
8, der der Fiihrungsbohrung 4 durch eine Zufuhrvor- 
richtung 9 aus einem Magazin 10 zugefuhrt wird. 

5 Zum Antrieb der Einschraubklinge 5 dient ein elektri- 
scher Antriebsmotor 11, der quer zur Achse der Ein- 
schraubklinge 5 in einem Griffteil 12 von Gehause 1 
angeordnet ist Dieser Antrieb erfolgt fiber ein vom An- 
triebsmotor 11 antreiobares Kegelrad 13 auf ein axial 

o zur Einschraubklinge 5 angeordnetes Kegelrad 14, das 
einen zentrischen Durchbruch 15 mit quadratischem 
Querschnitt aufweist In diesem Durchbruch 15 ist Mit- 
nehmerteil 16 von Einschraubklinge 5, ebenfalls mit 
quadratischem Querschnitt, verschiebbar gelagert 

5 Die Vorschubvorrichtung 17 fur die Einschraubklinge 

5 weist ein weiteres Kegelrad 18 auf, das ebenfalls zen- 
trisch zur Einschraubklinge 5 im Gehause 1 geijgert und 
vom Kegelrad 13 antreibbar ist Seine zentrische Boh- 
rung 19 weist jedoch einen groBeren Durchmesser auf 

o als der groBte Querschnitt von Mitnehmerteil 16. 

Ober ein mit dem Kegelrad 18 verbundenes Ritzel 20 
ist ein Zahnrad 21 antreibbar, das mit einer Welle 22 fest 
verbunden ist, auf der ein Kupplungsrad 23 verschieb- 
bar gelagert ist. Kupplungsrad 23 ist durch einen Elek- 

5 tromagneten 24 verschiebbar und kann wahlweise mit 
einem Zahnrad 25 oder Zahnrad 26 zusammenwirken. 
Zahnrad 25 ist Teil einer Antriebshiilse 27, die eine zen- 
trische Gewindebohrung 28 aufweist. Diese Gewinde- 
bohrung 28 wirkt mit einer Schraubspindel 29 zusam- 

o men, die im Gehause 1 axial verschiebbar gelagert ist. 
Urn ein Drehen der Schraubspindel 29 zu verhindern, 
greift ein Stift 30 in eine Langsnut 31 der Schraubspin- 
del 29 ein. 

Die Schraubspindel 29 weist eine zentrische Bohrung 
5 32 auf, durch die sich ein Zapfen 33 der Einschraubklin- 
ge 5 erstreckt. Am hinteren Ende von Zapfen 33 ist ein 
Bund 34 befestigt, der sich gegen die Stirnflache 35 von 
Schraubspindel 29 legt. 
Die Antriebshiilse 27 weist ferner ein Ritzel 36 auf, 
o mit dem das frei drehbar gelagerte Zahnrad 26 zusam- 
menwirkt. 

Der elektrische Teil des Einschraubgerates weist fer- 
ner einen Schalter 37 fur den Antriebsmotor 11 und 
einen Tastschalter 38 auf, mit dem eine Kontaktflache 
;s 39 der Einschraubklinge 5 zusammenwirkt. 

Ferner ist am vorderen Ende von FuhrungsfuB 2 ein 
Aufsetztaster 40 vorgesehen, dessen Taststift 41 beim 
Aufsetzen des Einschraubgerates auf das Werkstfick 7 
betatigbar ist. 

io Zur Forderung von Schraubenstreifen 8 ist die Zu- 
fuhrvorrichtung 9 mit einem Elektrornagneten 42 verse- 
hen, mit dem ein mit dem Schraubenstreifen 8 zusam- 
menwirkender Zufiihrfinger 43 betatigbar ist. 
Zum Betrieb des Einschraubgerats wird Elektromo- 

i5 tor 11 fiber Schalter 37 eingeschaltet. Das Kegelrad 13 
versetzt dann die beiden Kegelrader 14 und 18 in Dre- 
hung, wobei der Durchbruch 15 mit quadratischem 
Querschnitt die Einschraubklinge 5 ebenfalls in Dre- 
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hung versetzt Das zweite Kegelrad 18 treibt fiber Ritzel hubbewegung der Einschraubklinge 5 anstelle eines Ge- 

20 und Zahnrad 21 zwar das Kupplungsrad 23 an, dieses triebes, wie in Fig. 1 und 2 dargestellt, aueh eine Vor- 

befindet sich jedoch in einer Zwischenstellung, so daB schubvorrichtung 53 mit emem Elektromagneten 54 

die Vorschubhfillse 27 stillsteht Auch wird die Schraub- vorgesehen sein. In einer zentrischen Bohrung 55 dieses 

spindel 29 durch Stift 30 an einer Drehung geh'mdert, 5 Elektromagneten 54 bewegt sich ein Eisenkern 56, 

obwohl sich der Zapfen 33 in der Bohrung 32 von durch dessen zentrische Bohrung 57 sich der Zapfen 33 

Schraubspindel 29 dreht der Einschraubklinge 5 erstreckt Der Elektromagnet 54 

In der Fuhrungsbohrung 4 ist eine Schraube 6 bereit- kann wieder durch den Aufsetztaster 40 so betatigt wer- 

gestelft, die in das Werkstuck 7 eingeschraubt werden den, daB er die Einschraubklinge 5 gegen Wirkung einer 

soil Wird jetzt das Einschraubgerat auf das Werkstuck ]0 nicht dargestellten Feder in Richtung Werkstuck 7 be- 

7 aufgesetx, dann wird Taststift 41 eingedrfickt und wegt Nach Ausschalten des Elektromagneten ffihrt die 

Aufsetztaster 40 betatigt, der seinerseits den Elektroma- nicht dargestellte Feder die Einschraubklinge 5 wieder 

gneten 24 der Vorschubvorrichtung 17 so einschaltet, in ihre rfickwartige Ruhestellung. 

daB sich Kuppliingsrad 23 in Richtung von Zahnrad 25 Bei einem weiteren Ausffihrungsbeispiel der Erfin- 

bewegt und mit diesem zusammenwirkL Damit beginnt is dung gemaB Fig. 4 erfolgt der Antrieb der Einschraub- 

sich die Vorschubhulse 27 zu drehen und sich die klinge 5 fiber einen druckluftbetriebenen Antriebsmo- 

Schraubspindel 29 in Richtung Werkstuck 7 zu verschie- tor 58, der durch ein Schaltventil 59 ein- und ausschalt- 

ben. Damit wird auch Einschraubklinge 5 in Richtung bar ist Die Lagerhulse 60 weist wiederum, wie beim 

Werkstuck 7 veirschoben und Schraube 6 in dieses ein- Ausffihrungsbeispiel gemaB Fig. 2, eine zentrale Boh- 

geschraubt,bisz.B.derKopfbundigistmitderOberfla- 20 rung 61 auf, in der die Einschraubklinge 5 axial ver- 

che von Werkstuck 7. In diesem Augenblick betatigt schiebbar angeordnet ist An ihrem vorderen Teil ist die 

Kontaktflache 39 von Einschraubklinge 5 den Tastschal- Lagerhulse 60 mit einem Mitnehmerabschnitt 62 mit 

ter 38, der zum einen den Elektromagneten 24 umschal- quadratischem Querschnitt versehen, der mit dem Mit- 

tet und zum andern den Elektromagneten 42 der Zu- nehmerteil 16 der Einschraubklinge 5 ebenfalls mit qua- 

fiihrvorrichtung 9 betatigt 25 •dratischem Querschnitt zusammenwirkt 

Der umgeschaltete Elektromagnet 24 bewegt das Als Vorschubvorrichtung 63 fur die Einschraubklinge 

Kupplungsrad 23 in Richtung Zwischenrad 26, das damit 5 dient ein druckluftbetriebener Vorschubkolben 64, der 

nach Eingriff mit Kupplungsrad 23 angetrieben wird in einem mit dem Gehause 65 verbundenen Vorschub- 

und die Vorschubhulse 27 fiber Ritzel 36 in umgekehrter zylinder 66 gegen Wirkung einer Druckfeder 67 ver- 

Richtung dreht, so daB die Einschraubklinge 5 fiber 30 schiebbar gelagerc ist Er wcist eine Hfilse 68 auf, durch 

Schraubspindel 29 in ihre Ruhestellung zuruckgezo?en deren Bohrung 69 sich der Zapfen 33 der Einschraub- 

wird Diese Riickhubbewegung kann durch einen nicht klinge 5 erstreckt Der Tastschalter 70 und der Aufsetz- 

dargestellten Endschalter beendet werden, wobei Elek- taster 71 sowie die Zuffihrvorrichtung 72 sind bei die- 

tromagnet 24 das Kupplungsrad 23 wieder in seine Zwi- sem Ausffihrungsbeispiel natfirlich als Druckluftventile 

schenstellung beffirdert 35 bzw. -kolben ausgef fihrt 

Beim Aufsetzen des Einschraubgerats auf das Werk- Der Betrieb dieses mit Druckluft betnebenen Ein- 

stiick 7 wurde der Elektromagnet 42 der Zufuhrvorrich- schraubgerats erfolgt wieder analog, wie bereits bei den 

tung 9 durch den Aufsetztaster 40 so betatigt, daB sich vorhergehenden Ausfuhrungsbeispielen beschrieben. 

der ZufOhrfinger 43 gegen Federwirkung von der Fiih- Der Vorschubkolben 64 wird jedoch so vom Aufsetzta- 

rungsbohrung 4 wegbewegt. Nachdem die Einschraub- 40 ster 71 gesteuert daB der Vorschubzylinder 66 beim 

klinge 5 nach dem Ruckhub wieder ihre Endstellung Eindrficken von Taststift 41 mit Druckluft beaufschlagt 

erreicht hat, kann der bereits erwahnte Endschalter den wird und den Vorschubkolben 64 und damit die Ein- 

Elektromagneten 42 ausschalten, so daB der Zuffihrfin- schraubklinge 5 in Richtung Werkstuck 7 verschiebt. 

ger 43 die nachste Schraube des Schraubenstreifens 8 in Nach Beendigung des Einschraubvorgangs und Rfick- 

die Fuhrungsbohrung 4 einschiebt Das Gerat ist damit 45 kehr der Einschraubklinge 5 in ihre Ruhestellung kann 

wieder bereit fur den nachsten Einschraubvorgang. Vorschubzylinder 66 so entluftet werden, daB Vor- 

Bei einem weiteren Ausffihrungsbeispiel der Erfin- schubkolben 64 und damit auch Einschraubklinge 5 un- 

dung gemaB Fig. 2 ist der elektrische Antriebsmotor 44 ter Wirkung der Druckfeder 67 in die Ruhestellung zu- 

konzentrisch zur Achse der Einschraubklinge 5 in einem ruckkehren. 

Gehause 45 gelagert. Der FuhrungsfuB 2, das Magazin 50 Die Zuffihrvorrichtung 72 besteht hier aus einem Zu- 

10 und die Vorschubvorrichtung 17 entsprechen im fuhrkolben 73, der in einem Zuffihrzylinder gegen Fe- 

fibrigen dem Ausffihrungsbeispiel gemaB Fig. 1. derwirkung verschiebbar gelagert ist. Zufuhrkolben 73 

Beim Ausffihrungsbeispiel gemaB Fig. 2 weist der An- iaBt sich ebenso, wie bereits oben beschrieben, fiber 

ker 46 von Antriebsmotor 44 eine zentrische Bohrung Aufsetztaster 71 steuern. 

47auf, durch die sich die Einschraubklinge i> erstreckt 55 

Der Antrieb dieser Einschraubklinge 5 erfolgt fiber ein Patentansprfiche 
mit dem Anker 46 verbundenes Ritzel 48, das fiber Zwi- 

schenrader 49 und 50 das Mitnehmerrad 51 antreibt. 1. Einschraubgerat mit einem Gehause uur Aufnah- 

Dieses versetzt die Einschraubklinge 5 wieder fiber de- me eines Antriebsmotors, einem mit dem Gehause 

ren Mitnehmerteil 16 mit quadratischem Querschnitt in 60 fest verbundenen FuhrungsfuB, einer im Fuhrungs- 

Drehune. fuB drehbar und verschiebbar gelagerten Ein- 

Ober'ein zweites Ritzel 52, das ebenfalls mit dem schraubklinge und einer am FuhrungsfuB angeord- 

Anker 46 verbunden ist, wird die Vorschubvorrichtung neten Zuffihrvorrichtung ffir die Schrauben, da- 

17 in der beschriebenen Weise angetrieben. durch gekennzeichnet, daB die Einschraubklinge 

Die Funktion des Ausffihrungsbeispieles gemaB 65 (5) verschiebbar in einer zentrischen Bohrung (47, 

Fig. 2 entspricht der Funktion des Ausffihrungsbeispiels 61) des Antriebsmotors (44, 58) gelagert ist 

gemaB Fig. 1 . 2. Einschraubgerat mit einem Gehause zur Aufnah- 

Wie Fig. 3 zeigt, kann fur die Vorschub- und Rack- me eines Antriebsmotors, einem mit dem Gehause 
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fest verbundenen FuhrungsfuB, einer im Fuhrungs- 
fu8 drehbar und verschiebbar gelagerten Ein- 
schraubklinge und einer am FuhrungsfuB angeord- 
neten Zufiihrvorrichtung fur die Schrauben, da- 
durch gekennzeichnet, daB der quer zur Achse der 5 
Einschraubklinge (5) angeordnete Antriebsmotor 
(11) mit einem Winkelgetriebe (13, 14) gekuppelt 
ist, dessen eines Kegelrad (14) einen Durchbruch 
(15) aufweist, in dem die Einschraubklinge (5) ver- 
schiebbar gelagert ist. 10 

3. Einschraubgerat nach Anspruch 1 oder 2, da- 
durch gekennzeichnet, dafl zum axialen Verschie- 
ben der Einschraubklinge (5) eine Vorschubvor- 
richtung (17) vorgesehen ist, bei der eine mit der 
Einschraubklinge (5) kraftschlussig verbundene 15 
Schraubspindel (29) mit der vom Antriebsmotor 
(11) antreibbaren Vorschubhulse (27) zusammen- 

4. Einschraubgerat nach Anspruch 1 oder 2, da- 
durch gekennzeichnet, daB zum axialen Verschie- 20 
ben der Einschraubklinge (5) eine Vorschubvor- 
richtung (63) vorgesehen ist, die einen druckluftbe- 
triebenen Vorschubkolben (64) aufweist. 

5. Einschraubgerat nach Anspruch 1 oder 2, da- 
durch gekennzeichnet, daB zum axialen Verschie- 25 
ben der Einschraubklinge (5) eine Vorschubvor- 
richtung (53) vorgesehen ist, die cincn Elektroma- 
gneten (54) aufweist. 

6. Einschraubgerat nach einem der Anspruche 1 bis 

5 mit einem an sich bekannten Aufsetztaster, da- 30 
durch gekennzeichnet, daB die Vorschubvorrich- 
tung (17, 53, 63) durch den Aufsetztaster (40, 71) 
betatigbar ist 

7. Einschraubgerat nach einem der Anspruche 1 bis 

6, dadurch gekennzeichnet, daB ein Tastschalter 35 
(38, 70) vorgesehen ist, mit dem ein mit der Ein- 
schraubklinge (5) verbundenes Ausloseorgan (39) 
zur Betatigung einer Zufuhrung (9, 72) zusammen- 

8. Einschraubgerat nach Anspruch 7, dadurch ge- 40 
kennzeichnet, daB ein die Zufiihrvorrichtung (9) be- 
tatigbarer Eiektromagnet (42) vorgesehen ist 

9. Einschraubgerat nach Anspruch 7, dadurch ge- 
kennzeichnet daB ein die Zufiihrvorrichtung (72) 
betatigbarer, druckluftbetriebener Zufuhrkolben 45 
(73) vorgesehen ist 
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Srhlaiirhfornnaes chiruraischeB Inrolantat 
Technischer Bereich 

Die Erfindung bezieht sich auf ein schlauchf ormiges chirurgi- 
sches Implantat und ist insbesondere , obwohl nicht aus- 
schlieSlich, fur den Einsatz als Bypass und insbesondere als 
Koronar-Bypasseinrichtung entwickelt worden. 

Stand der Technik 

Die sogenannte "Herz-Bypass-Chirurgie" ist relativ iiblich und 
wird notwendig bei einer Blockade oder einer teilweise Blok- 
kade, die durch eine Verengung der Koronararterien entsteht 
und die zu Ischaemea oder - distal - zu einem Ausbleiben der 
Blutversorgung des Herzmuskels fuhrt. Der als Folge davon ge- 
fiihlte Schmerz ist als Angina bekannt und die Folge kann eine 
Herzattacke, Tod oder Wiedergenesung mit einer Beschadigung 
des Herzmuskels sein. Die gegenwartige Behandlungsmethode 
durch die Herz-Bypass-Chirurgie ist effektiv, aber aufwendig 
in der Ausfiihrung, zeitaufwendig und erfordert den Stillstand 
des Herzens und die Anordnung des Patienten in einer lebens- 
erhaltenden kunstlichen Herz-Lungen-Maschine unter Einsatz 
groSer Mengen von Blut. Die Chirurgen miissen dann Beinvenen 
oder Brustarterien oder beides abnehmen, ura sie als Bypass 
von der Aorta zu der distalen Koronararterie zu positionieren 
und zu vernahen. 



Es ist wiinschenswert , ein wesentlich weniger kompliziertes 
Verfahren zur Ausfiihrung einer Bypassoperation vorzusehen, 
das nicht nur schneller und weniger aufwendig in der Durch- 



fiihrung ist, sondern auch wesentlich weniger Risiko fur den 
Patienten zur Folge hat. 

Die DE-A-26 57 255 offenbart ein schlauchf ormiges chirurgi- 
sches Implantat, das dazu geeignet ist, mit der Wand eines 
GefaSes (d.h. eines Blutgefa&es) verbunden zu werden. Das Im- 
plantat besitzt an einem Ende des Schlauches einen Flansch, 
aber dieser Flansch ist nicht flexibel und wird im Gebrauch 
daher an der AuSenseite des Gefafies angeordnet . Die Befesti- 
gung des Implantates am Gefafi macht es daher notwendig, einen 
etwas komplexen chirurgischen Eingriff vorzunehmen, der die 
Anordnung eines Tragringes innerhalb des Gefafies beinhaltet, 
an dem dann der Flansch befestigt werden kann. 

Die WO 82/01644 offenbart ein anastomotisches Anschlufistiick 
zum Einsetzen in ein Gefafi. In diesem Fall ist ein fester di- 
staler Flansch innerhalb des GefaSes angeordnet, der durch 
eine dann notwendig werdende chirurgische Einfugung ange- 
bracht wird, d.h. die einen ausreichend groSen Schnitt zum 
Einsetzen des Flansches notwendig macht. Auch hier besteht 
die Befestigung des Implantates am GefaS aus einem komplexen 
chirurgischen Verfahren, bei dem ein frei beweglicher Befe- 
stigungsring gegen den innerhalb des GefaSes sitzenden 
Flansch gedriickt wird. Der Bef estigungsring wird dann in sei- 
ner Lage durch einen weiteren VerschluSring gehalten. 

Offenbarung der Erfinduna 

Die vorliegende Erfindung sieht ein schlauchf ormiges chirur- 
gisches Implantat vor, das mit einer Wand eines GefaSes 8 
oder eines Hohlorgans so verbunden werden kann, daS sich das 
Implantat in das Innere des GefaSes oder Organs off net, wobei 
das Implantat einen Schlauch 1 mit einem offenen Ende und mit 
einem Flansch 2 an einem Ende des Schlauches umfafit, der mit 
einer Vielzahl von Dornen 3 versehen ist, die von ihm abste- 
hen, und zwar langs und im wesentlichen parallel zu dem 



Schlauch, sowie aus einem Klemraring 4, der eine Vielzahl von 
Lochern 5 aufweist, die zu den Dornen ausgerichtet sind und 
diese aufnehmen konnen, und das dadurch gekennzeichnet ist, 
dafi der Flansch im Verhaltnis zum Schlauch verformbar ist, so 
daS er zur Einfiihrung in eine Offnung 12 in der GefaSwand 
oder der Wand des Organs am Schlauch anliegt, und dafi der 
Klemmring so angeordnet ist, da£ er in Langsrichtung auf dem 
Schlauch verschoben werden kann. 

Vorzugsweise ist der Klemmring am Schlauch uber eine Art PaS- 
f ederanordnung gesichert, urn die Drehung des Rings relativ 
zum Schlauch zu verhindern. Vorzugsweise sind die Dornen und 
die Locher im Klemmring mit einem Verriegelungsmechanismus 
versehen, der dazu dient, die Dornen in den Lochern zu hal- 
ten, wenn sich der Klemmring mit den Dornen in Eingriff be- 
findet. 

Alternativ kann der Flansch quer zu einer oder mehreren Ge- 
lenklinien im Flansch deformierbar sein, damit Teile des 
Flansches zur Einfiihrung in die Offnung in der Wand des Gefa.- 
Bes oder Organs gegen den Schlauch zuriickgebogen werden kon- 
nen. In einer Ausf iihrungsf orm der Erfindung ist das Implantat 
dazu geeignet, zwei GefaSe oder Hohlorgane zu verbinden, und 
ist zu diesem Zweck an beiden Enden des Schlauchs mit einem 
Flansch und einem Klemmring versehen. 

Vorzugsweise kann der Schlauch und der Flansch aus einem Ma- 
schenmaterial aus Kunststoff hergestellt werden, das die Ein- 
beziehung von menschlichem Gewebe erlaubt . 

Kurzbeschreibung der Zeichnungen 

Eine bevorzugte Aus fuhrungs form der Erfindung ist beispiel- 
haft anhand der beigefiigten Zeichnungen beschrieben, wobei 
dies nicht bedeutet, dafi nicht auch andere Ausf iihrungsf ormen 
mit unter deren Umfang fallen. In den Zeichnungen zeigen: 



Fig. 1 eine schematische Ansicht eines schlauchf ormigen 
chirurgischen Implantats nach der Erfindung, 

Fig. 2 eine Teilansicht eines Endes des Implantats der 
Fig. l, 

Fig. 3 eine schematische Ansicht eines Blutgef ages , das 
abgeklemmt und mit einem Praparationsschnitt zur 
Verbindung mit dem schlauchf ormigen chirurgischen 
Implant at der Fig. 1 versehen ist, 

Fig 4 eine schematische perspektivische Ansicht des Im- 
plantates wahrend des Einsetzens in den Einschnitt 
des GefaSes, 

Fig. 5 eine Ansicht ahnlich Fig. 4, die zeigt, wie die 

Dornen des Implantats in Eingriff gebracht werden 
und 

Fig. 6 eine Ansicht ahnlich zu den Figuren 4 und 5, die 
aber den Eingriff des Klemmringes zeigen. 



Ausfuhrun gsformen fur die Erfindung 

In der bevorzugten Ausfuhrungsform der Erfindung ist ein 
schlauchf ormiges chirurgisches Implantat fur den Einsatz als 
Bypass zwischen der Aorta und einer Koronararterie vorgese- 
hen, obwohl es durchaus auch moglich ist, daS die Vorrichtung 
bei vielen anderen Anwendungen eingesetzt wird, immer dann, 
wenn es notwendig wird, einen kunstlichen Schlauch mit einem 
GefaS oder Organ zu verbinden, oder einen Bypass zwischen 
verschiedenen GefaSen und/oder Organen herzustellen. Das Im- 
plantat wird anhand einer Doppelendenvorrichtung beschrieben, 



obwohl es auch moglich ist, da£ bei manchen Anwendungen Befe- 
stigungsf lansch und Klemmring nur an einem Ende des Schlau- 
ches vorgesehen werden. 

Das Implantat besteht aus einem Schlauch 1 mit einem Flansch 
2 an beiden Enden des Schlauches. Der Schlauch und der 
Flansch konnen aus jedem geeigneten Material hergestellt wer- 
den, werden aber insbesondere aus einem Maschenmaterial aus 
Kunststoff, wie beispielsweise aus einer bestimmten Klasse 
von Goretex (eingetragene Marke) hergestellt, welches den 
EinschluS eines menschlichen Gewebes und eine lange Lebens- 
dauer der Vorrichtung im Korper ermoglicht. 

Jeder Flansch ist mit einer Vielzahl von Dornen 3 versehen, 
die vom Flansch aus langs und im wesentlichen parallel zum 
Schlauch abstehen. Die Dornen stehen dabei in einer Richtung 
vom offenen Ende des Schlauches ab, die vom offenen Ende weg- 
we'ist . 

Das Implantat ist auSerdem mit Klemmringen 4 versehen, die im 
wesentlichen die gleichen Abmessungen und Ausbildungen wie 
die Flansche 2 haben und axial verschiebbar auf dem Schlauch 
1 angeordnet sind. Jeder Klemmring weist eine Mehrzahl von 
Lochern 5 (Fig. 5) auf, die zu den Dornen 3 ausgerichtet und 
geeignet sind, diese vom zugeordneten Flansch 2 abragenden 
Dornen aufzunehmen. 

Urn die Ausrichtung der Locher 5 mit den Dornen 3 sicherzu- 
stellen, kann der Klemmring mit Hilfe einer Keilnut 6 auf dem 
Schlauch unverdrehbar gehalten sein, wobei eine entsprechende 
Aussparung oder Offnung {nicht gezeigt) im Klemmring 4 die 
Verdrehung des Ringes zum Schlauch verhindert. Auf diese Wei- 
se konnen die Locher 5 ganz genau zu den Dornen 3 ausgerich- 
tet werden, so daS der Ring mit den Dornen in Eingriff ge- 
bracht werden kann, wie weiter unten noch beschrieben werden 
wird. 



Der Flansch 2 ist relativ zum Schlauch 1 verformbar und zwar 
entweder dadurch, dafi der gesamte Flansch relativ zum 
Schlauch verformt wird, so da£ der Flansch am Schlauch zum 
Einsetzen in eine Offnung eines GefaSes oder Organs anliegt 
oder er kann alternativ auch langs einer oder mehrerer Ge- 
lenklinien 7 (Fig. 2) verformt werden, durch die Teile des 
Flansches gegen den Schlauch zuriickgebogen werden konnen, wie 
das in der Fig. 4 fur das Einsetzen in eine Offnung in der 
Wand des GefalSes oder Organs erforderlich ist. 

Die Verwendung des Implantats wird nun unter Bezugnahme auf 
eine ubliche Koronar-Bypassoperation beschrieben werden, wo 
das Implantat zwischen der Aorta und der distalen Koronarar- 
terie befestigt wird. 

Nach der Fig. 3 wird zunachst die Aorta 8 teilweise mit Hilfe 
einer nichttraumatischen Klemme 9 abgeklemmt, die teilweise 
uber die Aorta gelegt wird, urn den weiteren Blutflufi durch 
den ungeklemmten Teil 10 zu erlauben. Der geklemmte Teil 11 
der Aorta 8 wird dann aufgeschnitten, urn einen Einschnitt 12 
zur Aufnahme des Implantats zu bilden. 

Wie in der Fig. 4 gezeigt ist, kann der Flansch 2 wie vorher 
beschrieben verformt und durch den Einschnitt 12 eingesetzt 
werden, bis der gesamte Flansch innerhalb der Aorta angeord- 
net ist. Der Flansch kann sich dann hinter der Gewebewand der 
Aorta zu seiner urspriinglichen Form offnen oder er wird dazu 
veranlafit, und der Schlauch wird in der Richtung des Pfeiles 
13 (Fig. 5) zuruckgezogen, so daS die Dornen 3 durch die Ge- 
webewand 11 dringen. 



Der Klemmring 4 wird dann langs des Schlauches verschoben, 
bis die Dornen 3 innerhalb der Locher 5 im Klemmring aufge- 
nommen werden, wie das in Fig. 6 gezeigt ist. 



Die Dornen 3 und die Locher 5 im Klemmring 4 sind mit einer 
Anzahl von Klemm-Mechanismen versehen, urn die Dornen inner- 
halb der Offnungen zu halten, wenn der Klemmring mit den Dor- 
nen nach Fig. 6 in Verbindung gebracht ist. Diese Verriege- 
lungsausbildung kann in jeder bekannten Ausbildung erfolgen, 
aber sie wird ublicherweise als eine Reihe von "Einrast"- 
Mechanismen ausgebildet, die den Klemmring in verschiedenen 
Abstanden vom Flansch aufnehmen, urn den Einsatz fur verschie- 
dene Aorta-Wandstarken zu ermoglichen. 

Das Verfahren kann dann am anderen Ende des Implantats wie- 
derholt werden, urn die Verbindung des anderen Flansches mit 
der Koronararterie herzustellen, urn so effektiv und schnell 
einen Bypass zwischen Aorta und Koronararterie vorzusehen. 

Bei der speziellen Anwendung einer Herz-Bypassoperation kann 
der Flansch, der mit der Koronararterie verbunden werden 
soil, kleiner als der Flansch ausgebildet sein, der mit der 
Aorta verbunden wird, ura eine gewisse Anpassung an die Abmes- 
sung des GefaSes zu erreichen, an dem er angebracht werden 
soil. Dabei kann eine Reihe von verschieden bemessenen und 
unterschiedlich endenden Vorrichtungen verwendet werden, um 
die zu erwartenden GroSen verschiedener Durchmesser und Wand- 
dicken von Aorta und Koronararterien abzudecken. In den Fal- 
len, in denen mehr als eine Blockade in der Koronararterie 
vorliegt, kann das schlauchf ormige chirurgische Implantat 
auch als ein Anschlufistuck mit einem groEeren proximalen Aor- 
taende und verschiedenen einzelnen distalen Koronarenden aus- 
gebildet sein. Die Schlauche konnen dabei entweder mit paral- 
lelen Seitenwanden oder mit sich verengenden (konischen) Wan- 
den versehen werden, je nach dem, wie das fur die gewiinschten 
Stromungsverhaltnisse erforderlich ist. 

Auf diese Weise wird ein chirurgisches Instrument zur Verfii- 
gung gestellt, das eine Koronar-Bypassoperation ohne Anhalten 
der Herzfunktion oder der Aortablutstromung in den Korper er- 



moglicht, und welches auSerdem das Abtrennen von Venen oder 
Arterien von anderen Korperteilen umgeht, die als Bypass - 
Leitungen verwendet werden sollen. 

Das Implantat kann auch in vielen anderen Bereichen des Ge- 
bietes der GefaS- oder Mikrochirurgie verwendet werden und 
kann uberall dann eingesetzt werden, wenn es notwendig ist, 
einen Schlauch mit einem GefaS oder Hohlorgan zu verbinden 
oder eine Verbindung zwischen zwei GefaSen und/oder Organen 
herzustellen. 
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1. Schlauchformiges chirurgisches Implantat. das rait einer Wand eines 
GefaBes (8) Oder Hohl organs verbunden werden kann. derartig, daB sich das 

5 Implantat in das Innere des GefaBes oder Organs offnet, wobei das Implantat 
folgende Komponenten umfaBt: einen Schlauch (1) mit of^enem Ende, einen 
Flansch (2) an einem Ende des Schlauchs, der eine Vi.elzahl von Dornen (3) 
hat, die von diesem ausgehen und langs und allgemein parallel zu dem 
Schlauch verlaufen. und einen Klemmring (4), der eine Vielzahl von Lochern 

10 (5) aufweist. die mit den Dornen ausgerichtet werden und diese aufnehmen 
konnen. dadurch gekennzeichnet, daB der Flansch im Verhaltnis zum Schlauch 
verformbar ist, so daB der Flansch so verformt werden kann, daB er zur 
Einfuhrung in eine Offnung (12) in der Wand des GefaBes oder Organs am 
Schlauch anliegt, und daB der Klemmring (4) so angeordnet ist. daB er in 

15 Langsrichtung auf dem Schlauch verschoben werden kann. 

2. Schlauchformiges chirurgisches Implantat nach Anspruch 1, bei dem der 
Klemmring am Schlauch verkeilt (6) ist. urn die Drehung des Rings im 
Verhaltnis zum Schlauch zu verhindern. 

3. Schlauchformiges chirurgisches Implantat nach Anspruch 1 oder 
20 Anspruch 2, bei dem die Dornen und die Locher im Klemmring mit einem 

Verriegelungsmechanismus versehen sind, der so angeordnet ist, daB die 
Dornen in den Lochern gehalten werden, wenn sich der Klemmring mit den 
Dornen im Eingriff befindet. 

4. Schlauchformiges chirurgisches Implantat nach einem der 
25 vorhergehenden Anspruche, bei dem der Flansch quer zu einer oder mehreren ' 

Gelenklinien (7) im Flansch verformt werden kann, damit Teile des Flanschs 
zur Einfuhrung in die Offnung in der Wand des GefaBes Oder Organs gegen den 
Schlauch zuriickgebogen werden konnen. 

5. Schlauchformiges chirurgisches Implantat nach einem der 
30 vorhergehenden Anspruche, bei dem das Implantat dafiir geeignet ist, zwei 

GefaBe oder Hohlorgane zu verbinden, und an beiden Enden des Schlauchs mit 
einem Flansch und einem Klemmring versehen ist. 

6. Schlauchformiges chirurgisches Implantat nach einem der 
vorhergehenden Anspruche, bei dem der Schlauch und der Flansch aus einem 

35 Maschenmaterial aus Plastik hergestellt werden, das die Einbeziehung von 
menschlichem Gewebe erlaubt. 
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© Removable endo-arterial devices intended to repair detachments in arterial walls. 



© The invention covers removable endo-arterial de- 
vices intended to repair detachments in the arterial 
walls. 

A device according to said invention includes a 
deformable cuff (3) made of a netting of interlocked 
wires and fixed to the distal end of a catheter (4) the 
other end of which is equipped with a funnel (4a). It 
also includes a stiff wire (7) extending over the entire 
length of the catheter and attached to the distal end 
of said deformable cuff (3). When this wire is pulled, 
the cuff is dilated and applies itself against the 
arterial wall. 

One application is the repair of flaps of arterial 
wall which were detached during the course of an 
intervention correcting a stenosis with an inflatable 
^balloon. 
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REMOVABLE ENDO-ARTERIAL DEVICES INTENDED TO REPAIR DETACHMENTS IN ARTERIAL WALLS 



Technical Field 

The present invention provides endo-arteriai 
devices temporarily installed in an artery in order to 
re-attach flaps which have been detached from the 
wall. 

The technical field of the invention is the con- 
struction of surgical equipment used in cardiovas- 
cular interventions. 



Background of the Invention 

There are known devices consisting of a small 
inflatable balloon at the end of a catheter used to 
dilate strictures in the arteries, especially the coro- 
nary arteries. 

Such a catheter bearing a balloon is introduced 
into an artery, for example into the femoral artery, 
until the balloon reaches the stricture. The balloon 
is then inflated with a fluid pumped in through the 
catheter and pushes back the arterial wall, thus 
eliminating the stricture. The balloon must then be 
deflated very quickly, since it blocks the artery and 
impairs blood circulation. 

It so happens that a similar intervention may 
cause detachments of the part of the arterial wall 
called intima, and the detached wall flaps inhibit 
the blood circulation and may result in severe 
medical complications and even be fatal if circula- 
tion is interrupted. 

Devices consisting of a cylindrical elastic cuff 
inserted over an inflatable balloon fixed to the end 
of a catheter have been tried for the prevention of 
such accidents. The balloon is folded back over the 
cuff so as to keep the latter in an elongated shape 
of small diameter while it is being pushed through 
the arteries. Once the balloon bearing the elastic 
cuff has arrived at the site of the wall detachment, 
it is inflated so that the folded part slips loose 
releasing the cuff which increases in diameter and 
plasters itself against the internal wall of the artery 
where it remains indefinitely. This device not only 
has the inconvenience of introducing a foreign 
body into the artery to remains stationary there, but 
also presents risks of blood clots to the patient. 



Brief Summary of the Invention 

The present invention provides a device con- 
sisting of a deformable cuff made up of a net of 
twisted and interlocking wires mounted at the end 
of a catheter which is then introduced into an 



artery. It also includes means activated from the 
external end of the catheter to move the two ends 
of the deformable cuff closer together or farther 
apart in order to give the cuff a wider shape which 

5 presses it against the arterial wall or a flat, elon- 
gated shape which permits introduction of the cuff 
and catheter into the artery or their withdrawal. 

According to a preferred embodiment of the 
invention, the means used to reduce or extend the 

70 distance between the two ends of the deformable 
cuff are made up by a wire of the piano wire type 
which makes it possible to exert a push and which 
is fixed to the distal end of the cuff while freely 
passing through the proximal end of it and extend- 

is ing through the entire length of the catheter. 

According to another embodiment, a device 
according to the present invention includes, in ad- 
dition, an inflatable balloon located inside the defor- 
mable cuff and is mounted at the end of an infla- 

20 tion tube which, in turn, runs inside the catheter. 

The invention provides new devices usable in 
cardio-vascular interventions, especially in interven- 
tions intended to remove stenoses of the coronary 
arteries in case of a severe risk of infarct or after 

25 an infarct has occurred. 

Devices according to the present invention 
have the advantage that the deformable net allows 
the blood to pass between its mesh openings when 
it is applied against the wall of an artery. It can 

30 therefore be left in place for a duration on the order 
of one or more hours, which is more than sufficient 
to ensure cicatrization of the flaps detached from 
the arterial wall. 

As compared to the known devices which in- 

35 volve an elastic cuff remaining stationary in the 
artery, devices according to the present invention 
have the advantage of being removable so that 
there is no risk of rejection phenomena or of the 
formation of blood clots. The devices according to 

40 the present invention include an inflatable balloon 
placed inside a cuff or deformable net, making it 
possible to treat a stenosis and, if necessary, to 
immediately repair the arterial wall. They therefore 
reduce the risk of postoperative complications and 

45 can even be used for interventions on strictures of 
the common trunk of the coronary arteries. 



Description of the Drawings 

The following detailed description refers to the 
enclosed drawings which represent examples of 
embodiments of the devices according to the 
present invention without being in any way limita- 
tive. 
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Fig. 1 is a longitudinal section of a first 
embodiment of a device according to this inven- 
tion, in an elongated position. 

Fig. 2 is a longitudinal section of a device 
according to Fig. 1 in the deployed position. 

Fig. 3 is a longitudinal section of the fixation 
of the proximal end of the deformable cuff over the 
distal end of a catheter. 

Fig. 4 is a longitudinal section of a second 
embodiment of a device according to this inven- 
tion. 

Fig. 5 is a longitudinal section of a third 
embodiment of a device according to this inven- 
tion. 

Fig. 6 is a cross section along VI-VI in Fig. 5. 



Detailed Description 

Fig. 1 shows a longitudinal section of an artery 
1 which can be a coronary artery presenting a 
stricture or stenosis. During a first intervention, a 
catheter bearing an inflatable balloon at the end, 
was inserted into the artery until its balloon 
reached the stenosis. The balloon was then inflated 
with a fluid pumped in through the catheter. The 
inflated balloon pushed the arterial wall back and 
removed the stenosis. Since an inflated balloon 
blocks the artery, it had to be quickly deflated. 

The inflating and deflating operation of the bal- 
loon may have been repeated several times. Sub- 
sequently, the balloon and catheter were with- 
drawn. During these operations, the internal wall of 
the artery, called intima, suffered some detach- 
ments 2 which, if not repaired, could block the 
artery and result in the death of the patient. 

A device according to the present invention is 
depicted in the Figures and it can be advanta- 
geously used to facilitate repair of the detachments 
2. It includes a removable endo-arterial prothesis 
intended to reduce the risks caused by the detach- 
ments 2 by applying the detached flaps of wall 
against the artery long enough for cicatrization to 
take place. 

Fig. 1 shows a device according to this inven- 
tion in its elongated shape which makes it possible 
to introduce or withdraw it from the artery. 

Fig. 2 represents a device according to the 
invention in its deployed form in which it is widen- 
ed so that it presses the detached wall flaps 
against the artery. 

A device according to the invention includes a 
deformable cuff 3 made of a net of twisted and 
interlocked wires which could, for instance, be of 
stainless steel wires or of any other material having 
equivalent properties of compatibility with the 
blood. The deformable cuff 3 is fixed to the end of 



a small flexible tube 4 which has a diameter on the 
order of a few millimeters and serves as catheter. 
The distal end of the deformable cuff 3 is fixed to a 
small muff 5 on which a small flexible axial rod 6 is 

5 mounted which precedes the deformable cuff 3 and 
serves as guide for the latter along the artery. 

A device according to Figs. 1 and 2 includes, 
in addition, an axial wire 7 of the piano-wire type 
which is fixed to the distal end of cuff 3, passes 

10 through the latter and extends the entire length of 
the catheter 4. 

The catheter is preferably equipped at its 
proximate end with a funnel 4a of a known kind, for 
example, a funnel of the "LUER-LOCK" type. Wire 

is 7 passes through the connection 4a, so that its end 
is accessible outside the catheter. 

The practical application of a device according 
to Figs. 1 and 2 is the following: 

The catheter bearing at its end a deformable 

20 cuff 3 which is fully elongated as shown in Fig. 1 
and which therefore has a very small cross section 
is introduced into the artery. The progress of cuff 3 
is controlled by radiography. When it reaches the 
area of the former stenosis, the end of wire 7 is 

25 pulled while the catheter is held in place in the 
artery. The pull exerted on the wire has the effect 
of bringing the distal end of cuff 3 close to its 
proximal end. 

The cuff dilates as shown in Fig. 2 and comes 

30 to rest against the arterial wall, thus pressing the 
detached flaps back against the wall. Cuff 3 is left 
in this position. for as long as one or more hours, 
since the blood can freely circulate through the 
mesh openings of the cuff which, at that time, are 

35 open. When it is deemed that sufficient time has 
elapsed for the flaps to adhere again to the wall, 
the outer end of wire 7, which is stiff enough not to 
bend, is pushed, thereby causing the distal end 5 
of cuff 3 to move away, so that the cuff is again in 

40 its elongated position. The catheter 4, wire 7 and 
cuff 3 are then withdrawn together from the artery. 

Fig. 3 is a larger scale axial section view of the 
proximal end of the deformable cuff 3. In this 
Figure the flexible tube or catheter 4 and the axial 

45 wire 7 are clearly seen. 

Wires 8 which make up the end of the defor- 
mable cuff 3 are unraveled, inserted and fixed 
parallel to the axis between the end of tube 4 and a 
second tube 9 which is placed inside the latter and 

50 in which wire 7 runs freely. Tube 9 should prefer- 
ably extend over the entire length of tube 4. The 
ends of wires 8 are glued between tube 4 and tube 
9. A thermo-shrinkable sleeve 10 is preferably slip- 
ped over the proximal end of the cuff and then 

55 heat-shrunk to it. 

In Fig. 3 it can be seen that the proximal end 
of the deformable cuff 3, which is fixed to catheter 
4 and to the internal tube 9, slides freely over pull 
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wire 71 . 

Fig. 4 shows another embodiment of a device 
according to the invention. 

When an inflatable balloon is introduced into an 
artery to correct a stenosis, the intervention gen- 
erally begins with insertion into the artery of a 
guide wire of piano-wire type. The catheter is then 
slipped over this wire bearing at its end the inflat- 
able balloon through which passes a small axial 
tube which engages the wire and follows it. 

When the stenosis has been eliminated, the 
balloon is deflated and withdrawn from the artery, 
but the guide wire may be left in place for some 
minutes in case it becomes necessary to use the 
balloon again. 

The device according to Fig. 4 is designed to 
be used in this case. 

The numeral 11 represents a guide wire in- 
serted into artery 1. 

The device again includes a net 3 in form of a 
deformable cuff composed of interlocked wire 
mounted at the end of a small tube 4 and an axial 
wire 7 fixed to the distal end of the net which 
makes it possible to bring the latter closer to the 
proximal end in order to open the net or to push it 
farther away in order to close the latter. The distal 
end is located to the left in Fig. 4. 

The device according to Fig. 4 also includes a 
small piece of tubing 12 which provides an axial 
opening or conduit 12a passing through the distal 
end of the cuff. 

During application of the device according to 
Fig. 4, the end of the guide wire 1 1 which extends 
outside the artery and the patient is inserted 
through conduit 12a and then is passed through 
the mesh of the net so that it lies along the outside 
of tube 4. This permits the cuff to be guided on 
guide wire 11 until it reaches the zone where the 
stenosis had been located and previously corrected 
with an inflatable balloon. 

During this insertion, the net 3 is in an elon- 
gated position. Once the device has arrived at the 
site, the axial wire 7 is pulled to open the net 3 and 
bring it into the position shown in Fig. 4. It may be 
left in this position for several hours. Subsequently, 
the net is re-folded by pushing on the axial wire 7 
and pulling on tube 4, and the catheter is with- 
drawn from the artery along guide wire 1 1 . 

Figs. 5 and 6 represent another embodiment of 
a device according to the invention, including a 
netted cuff combined with an inflatable balloon. 

To this date, inflatable balloons are used to 
correct the stenoses of the coronary arteries but 
only downstream from the common trunk, i.e. from 
the bifurcation of the circumflex and interventricular 
anterior arteries. They are used only very excep- 
tionally to intervene on the common trunk because 
of the fact that detachments of the wall in the 



common trunk occurring after the intervention with 
an inflatable balloon would deprive a large part of 
the heart of irrigation and thus cause almost in- 
stantaneous death. 

5 Figs. 5 and 6 show a device according to this 
invention which would permit interventions on 
stenoses of the common trunk and also on stric- 
tures located below the latter or in other arteries. 
The device according to Fig. 5 includes a de- 

10 formable balloon 13 of the kind currently used for 
angioplasty mounted at the end of a flexible tube 
14. An axial tube 15 passes through the balloon 
from one end to the other and is fixed to the latter 
by one or both of its ends. 

15 Figs. 5 and 6 show an embodiment having two 
coaxial tubes 14 and 15. As a variation, a single 
tube divided into two conduits by an inner partition 
could alternatively be used. 

Tubes 14 and 15 extend to the outside where 

20 they preferably end in a funnel of a known type, for 
example a "LUER-LOCK" funnel, which may be 
simple or include a derivation for the injection of 
fluid into the catheter. The axial tube 15 is adapted 
to receive the guide wire 1 1 which has previously 

25 been introduced into the artery. The interspace 
between tubes 14 and 15 is intended for injection 
or pumping of the inflation fluid into balloon 13. 

The device also includes a net 3 in form of a 
cuff, compromising plaited wires surrounding the 

30 inflatable balloon, the distal end of which is fixed to 
the distal end of the balloon, while the proximal 
end slides freely on tube 14. 

For the sake of clarity in the drawing, net 3 is 
shown partly cut away in Fig. 5. Net 3 is mounted 

35 at its proximal end to a flexible tube 16 which 
encloses tubes 14 and 15. 

The steps of practical application are the fol- 
lowing: 

When a stenosis is to be corrected, a guide 

40 wire 1 1 is first introduced into the artery. The axial 
tube 15 is then inserted over it and the device 
according to Fig. 5 is then pushed along guidewire 
11 in a stretched configuration, i.e. the balloon 13 
is collapsed and net 3 is elongated. The progress 

45 is checked by radiography. Once the net and bal- 
loon are in place, fluid is pumped in between tubes 
14 and 15 which inflates the balloon and, in turn, 
dilates the artery and eliminates the stricture. 

The highly flexible and deformable net 3 does 

so not hamper the inflation of the balloon, since it 
slides in relation to the latter. The inflation of the 
balloon causes the dilation of the net. 

Once the stricture has been eliminated, the 
fluid is withdrawn and the balloon is deflated, but 

55 the net remains in place against the internal wall of 
the artery. If necessary, the net is pressed against 
the wall of the artery by pushing on tube 16 which 
is sufficiently rigid to transmit the thrust. The axial 
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tube 15 is held fast to immobilize the distal end. 

The blood circulates through the mesh of the 
netting and the prothesis may be left in this posi- 
tion for a time on the order of one to several hours 
which is more than enough for the eventual detach- 
ments of the inner arterial wall to heal. 

Subsequently, tube 16 is pulled while keeping 
the axial tube 15 in place which has the effect of 
moving the two ends of net 3 further apart and 
putting the latter back into an elongated position, 
then the entire complex of the device is pulled out 
of the artery along guide wire 1 1 . 

In the embodiment according to Figs. 5 and 6, 
it is not necessary to use a wire to cause the 
deformation of cuff 3. The central tube 15 which is 
fixed to the distal end of the net and tube 16 which 
is fixed to the proximal end of the net are sufficient 
to permit moving these two ends toward or away 
from each other. 



Claims 

1. A removable endo-arterial device for repair- 
ing detachments of an arterial wall, comprising a 
deformable cuff (3) made of a netting of plaited and 
interlocked wires which is mounted at the end of a 
catheter (4, 16) and introduced into an artery (1) 

■ and which also includes means (7, 16) activated 
from the external end of said catheter (4) to bring 
two ends of said deformable cuff (3) closer to- 
gether or move them farther apart in order to give 
it a wider shape which applies said cuff against the 
arterial wall or an elongated shape which permits 
said cuff and the catheter to be introduced into the 
artery or withdraw them from the latter. 

2. The device according to claim 1, wherein 
said means to bring the two ends of said defor- 
mable cuff closer together or space them farther 
apart comprise a wire (7) of the piano-wire type, 
which is fixed to a distal end of said cuff while 
freely running through a proximal end of said cuff 
and extending through the entire length of the 
catheter. 

3. The device according to either of claims 1 
and 2, further including a piece of flexible guide 
rod (6) attached to the distal end of said defor- 
mable cuff. 

4. The device according to either of claims 1 
and 2, further including a guide tube (12) defining 
an axial conduit in the distal end of said defor- 
mable cuff, said guide tube being adapted to re- 
ceive a guide wire (1 1 ) inserted into the artery and 
which returns through mesh openings in the net- 
ting. 



5. The device according to claim 1, further 
including an inflatable balloon (13) mounted inside 
said deformable cuff at the end of an inflation tube 
(14) which runs inside a catheter (16) carrying said 

5 deformable cuff (3). 

6. The device according to claim 5, further 
including an axial guide tube (15) which passes 
through said balloon, is fixed to the distal end of 
the latter and extends over the entire length of said 

w catheter (16). 

7. The device according to claim 6, wherein the 
distal ends of said balloon and said deformable cuff 
are fixed while the proximal end of said deformable 
cuff slides freely on said inflation tube (14). 
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(g) Spiral surgical tack. 

(57) A surgical tack for use in surgical procedures. 
The surgical tack has a base member (25) and a 
distally extending spiral member having a distal 
piercing point (58). The spiral member forms a 
spiral. The tack may be used to fasten tissue, 
sutures, or medical devices to tissue. 
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Technical Field 

The field of art to which this invention relates is 
surgical devices, more particularly, surgical tacks. 

Background Art 

Surgical staples are well known in the surgical 
arts. These staples have been widely used by sur- 
geons to approximate incisions and wounds. Surgical 
staples have proven to be a useful alternative avail- 
able to the medical practitioner in lieu of conventional 
sutures. 

Surgical staples are often used in various surgi- 
cal procedures. For example, when performing a sur- 
gical procedure to repair an inguinal hernia, one com- 
mon technique is to affix a biocompatible surgical 
mesh over the site of the inguinal hernia. This is typ- 
ically done by stapling the surgical mesh to the tissue 
and muscle surrounding the site of the hernia. The 
staples used in this procedure are, typically, conven- 
tional metal staples made from stainless steel, titani- 
um, tantalum, or the like. There are several disadvan- 
tages associated with the use of metal staples in such 
a procedure. One obvious disadvantage is that the 
metal staples may remain inside of the patient indef- 
initely. In addition, it is not uncommon for a nerve to 
be entrapped and compressed by a metal staple. It is 
believed that this may cause residual pain in the pa- 
tient. In order to alleviate such pain, a subsequent op- 
eration may be required to remove and/or replace the 
staples. 

Another disadvantage of conventional staples is that 
the holding power of such conventional staples is lim- 
ited by the size of the staple wire and the stiffness and 
mechanical properties of the material. A larger and/or 
stiffer metal staple is harder to bend around an anvil 
of a conventional surgical apparatus, and therefore 
limited in its strength. In some cases conventional 
metal staples may pull out of tissue because they are 
not strong or large enough. 

The use of absorbable staples may help to over- 
come these problems and eliminate the need for ad- 
ditional surgery since, for example, an absorbable 
staple would absorb over time, thereby relieving any 
pressure upon a compressed nerve. Although ab- 
sorbable staples are known in this art, such staples 
typically require access to both sides of a tissue site 
since they typically consist of an upper section having 
a crown and legs and a lower receiver. The lower re- 
ceiver engages and locks the legs of the staple. 
Therefore, the absorbable staples known in the art 
are typically not usable in surgical procedures such 
as repair of an inguinal hernia where there is only ac- 
cess to one side of the tissue. Another type of absorb- 
able staple which does not require a lower receiver is 
a three-piece staple described in commonly as- 
signed, co-pending United States Patent Application 



Serial No. 146,755 filed on November 2, 1993 which 
is incorporated by reference. 

There is a need in this art for surgical fastening 
devices which do not require a second separate piece 
5 or receiver to lock or maintain the fastener in place in 
tissue, which can be applied and secured from one 
side of a tissue site in an endoscopic or open surgical 
procedure, and which overcomes the disadvantages 
associated with conventional surgical staples. 

w 

Disclosure of the Invention 

Therefore, it is an object of the present invention 
to provide a surgical fastener which does not require 

15 an additional member to lock or maintain the fasten- 
ers in tissue. 

It is a further object of the present invention to 
provide a surgical tack which easily attaches either 
tissue to tissue, sutures to tissue, or surgical devices 

20 such as mesh to tissue. 

It is yet a further object of the present invention 
to provide a surgical tack which can be used for at- 
tachment wherein the tack is inserted from a single 
side of the tissue. 

25 It is still yet a further object of the present inven- 
tion to provide a method of attaching tissue using a 
surgical tack. 

Accordingly, a surgical tack for use in surgical 
procedures is disclosed. The surgical tack comprises 

30 a base member having a top and a bottom. An option- 
al suture mounting member may extend from the 
base member. A member extends from the bottom of 
the base member. The member is formed into a spiral 
having a longitudinal axis and a plurality of loops 

35 separated by spaces. The member has a proximal 
end and a distal end. Preferably, the member has at 
least one outwardly extending edge. The member has 
a piercing point extending from its distal end. The 
piercing point may extend substantially parallel to the 

40 longitudinal axis or may be angulated with respect 
thereto. The member may have various types of 
cross-sections including a semi-cylindrical cross- 
section, a triangular cross-section, a parabolic cross- 
section, and a rectangular cross-section. The spiral 

45 consists of at least one coil. The coils may have a cir- 
cular configuration or square, triangular or polygonal 
configurations. Optionally, various shaped cavities 
may be formed into the top surface of the base mem- 
ber to facilitate driving of the tack, e.g., slots, etc. 

50 Yet another aspect of the present invention is a 
method of fastening tissue. The method comprises in- 
serting the above-described tack into one side of the 
tissue. The tack may be used to fasten tissue to tis- 
sue, sutures to tissue,or medical devices to tissue in- 

55 eluding surgical meshes. 

Other features and advantages of the invention 
will become more apparent from the following de- 
scription and accompanying drawings. 
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Brief Description of the Drawings 

FIG. 1 is a perspective view of the surgical tack 
of the present invention. 

FIG. 2 is a side view of the surgical tack of the 
present invention. 

FIG. 3 is a bottom view of the surgical tack of the 
present invention illustrating a member extending dis- 
tally from the bottom of the base member to form a 
spiral. 

FIG. 4 is a cross-sectional view of the surgical 
tack of FIG. 3 taken along view line 4-4. 

FIG. 5 is an illustration of a perspective view of 
an alternate embodiment of the surgical tack of the 
present invention having a hexagonal base member. 

FIG. 5A is a cross-sectional view of the spiral 
member of the tack of FIG. 5 taken along view line 5A- 
5A illustrating the triangular cross-section of the 
member. 

FIG. 6 is a perspective view of an alternate em- 
bodiment of a surgical tack of the present invention. 

FIG. 6A is a cross-sectional view of the spiral 
member of the tack of FIG. 6 taken along view lines 
6A-6A illustrating a parabolic cross-section of the 
member. 

FIG. 7 is a perspective view of an alternate em- 
bodiment of the tack of the present invention. 

FIG. 7A is a cross-sectional view of the spiral 
member of the tack of FIG. 7 illustrating a rectangular 
cross-section. 

FIG. 8 is a perspective view of the base member 
of the tack of FIG. 1 having a slotted cavity for receiv- 
ing the tip of a conventional screw driver. 

FIG. 9 is a perspective view of the base member 
of the tack of FIG. 1 having a cavity for receiving the 
tip of an Allen wrench. 

FIG. 1 0 is a perspective view of the base member 
of the tack of FIG. 1 having a cavity for receiving the 
tip of a Phillips screw driver. 

FIG. 11 is a perspective view of the base member 
of the tack of FIG. 1 having a cavity for receiving the 
tip of a Torx screw driver. 

FIG. 12 is a bottom view of an alternate embodi- 
ment of the tack of the present invention wherein the 
spiral has square coils. 

FIG. 13 is a bottom view of an alternate embodi- 
ment of the tack of the present invention wherein the 
spiral has triangular coils. 

FIG. 14 is a bottom view of an alternate embodi- 
ment of the tack of the present invention wherein the 
spiral has circular coils which vary in diameter along 
the longitudinal axis of the spiral. 

FIG. 15 is a bottom view of an alternate embodi- 
ment of the tack of the present invention wherein the 
spiral member is formed into a spiral having circular 
coils and the piercing point is perpendicular to the 
longitudinal axis of the spiral. 

FIG. 16 is aside view of the tack of FIG. 1 having 



the ends of surgical sutures mounted therein. 

FIG. 17 is a side view of the tack of FIG. 1 illus- 
trating a surgical suture tied to the spiral member. 

FIG. 18 illustrates an alternate embodiment of 
5 the tack of the present invention having a suture 
mounting means extending from the top of the base 
member. 

FIG. 19 illustrates an alternate embodiment of 
the tack of the present invention having a base mem- 
w ber having crossed beam members which can also be 
used to mount a suture. 

Best Mode for Carrying Out The Invention 

15 The surgical tacks of the present invention are il- 
lustrated in FIGS. 1-19. Referring first to FIGS. 1-4, 
the tack 10 is seen to have a base member 20. The 
base member 20 has top surface 30 and bottom sur- 
face 40 and side surfaces 25 connecting the top sur- 

20 face 30 and the bottom surface 40. The base member 
20 preferably has a circular disk-like shape, however, 
other shapes may be utilized including rectangular, 
square, hexagonal, and polygonal. The base member 
20 may be solid or have a hole through it to facilitate 

25 the manufacture of a distally extending spiral. The top 
surface 30 of the base member 20 may have features 
incorporated therein to facilitate the driving of the tack 
(see FIGS.8-11). These features may consist of cav- 
ities such as cavities 31, 32, 33, and 34, to accept 

30 slotted screw drivers, Allen, Phillips, or Torx screw 
drivers, respectively, or square or other tools to im- 
part rotation to the tack 10. A distally extending spiral 
member 50 is seen to extend down from the bottom 
surface 40 of the base member 30. The distally ex- 

35 tending member 50 preferably is shaped to form a spi- 
ral 60 having coils 65 of constant size, although the 
size of the coils may vary, if desired, along the long- 
itudinal length of the spiral. The coils 65 are seen to 
be separated by gaps which are constant or which 

40 vary along the longitudinal axis of the spiral. Member 
50 is seen to have proximal end 52 and distal end 54. 
Extending from the distal end 54 is the piercing tip 58. 
The piercing tip 58 may have a conventional sharp 
piercing point configuration sufficient to effectively 

45 penetrate through tissue. The piercing tip 58 may also 
have a blunt configuration effective to pierce tissue. 
The piercing point 58 may be aligned parallel to the 
longitudinal axis of the spiral 60, or be pointed obli- 
quely off the axis of the spiral to facilitate penetration 

50 of tissue. The member 50 or tip 58 may have one or 
a plurality of barbs that increase the holding power of 
the tack in tissue. The member 50 is seen to have, 
preferably, at least one edge 59. Referring to FIG. 4, 
the member 50 is seen to have a substantially semi- 

55 cylindrical cross-sectional configuration with two out- 
er edges 60. As seen in FIGS. 3 and 4, a passage 70 
is contained within the spiral 60. 

An alternate embodiment of the surgical tack 10 
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of the present invention is seen in FIG. 5. The tack 1 00 
is seen to have a hexagonal base member 105 having 
top 110 and bottom surface 115. Side surfaces 117 
connect top surface 105 with bottom surface 115. 
Distally extending spiral member 120 is seen to ex- 5 
tend downwardly from the bottom surface 115 form- 
ing spiral 128. As seen in FIG. 5A, the member 120 is 
seen to have a triangular cross-section and three out- 
er edges 122. Point 126 is seen to extend from the 
distal end 124 of the member 120. w 

Yet another embodiment of the present invention 
is seen in FIG. 6. The tack 1 30 is seen to have a hex- 
agonal base member 131 having top surface 132, 
bottom surface 134 and connecting side surfaces 
136. Extending distally from the bottom surface 134 15 
of the base member 131 is the spiral member 140 
forming spiral 149. Member 140 is seen to have distal 
end 142 and piercing point 144 extending from distal 
end 142. Referring to FIG. 6A, the member 140 is 
seen to have a substantially parabolic cross-section 20 
having outer edges 146. 

Another embodi ment of the tack of the present in- 
vention is seen in FIG. 7. The tack 1 50 is seen to have 
base member 151. The base member 151 is seen to 
be substantially hexagonally shaped. The base mem- 25 
ber 1 50 is seen to have upper surface 1 52, lower sur- 
face 154 and side connecting surfaces 156. Extend- 
ing distally from the bottom 154 of the base member 
150 is the spiral member 160 forming spiral 169. The 
member 160 is seen to have edges 162, distal end 30 
164, and point 166 extending from the distal end 164. 
Referring to FIG. 7A, the member 1 60 is seen to have 
a generally substantially rectangular cross-section 
having outer edges 166. 

The spiral member of the tacks of the present in- 35 
vention may be formed into various shaped spirals. 
For example, the tack 10 of FIG. 1 is seen to have a 
spiral 60 which is helical in shape having circular coils 
of constant diameter. In addition, the spirals of the 
tacks of the present invention may have various other 40 
geometric configurations. For example, FIG. 12 illus- 
trates a tack 200 having a base member 210 and a 
spiral member 215 formed into a spiral 217 wherein 
the coils 220 have a square configuration. The pierc- 
ing point 225 is directed perpendicular to the longitu- 45 
dinal axis of spiral 217. 

Referring to FIG. 13, a tack 230 is seen to have 
a base member 231 and a distally extending spiral 
member 235 forming a spiral 236 having triangularly 
shaped coils 238. The piercing point 240 is seen to ex- 50 
tend perpendicular to the longitudinal axis of the coil 
236. Another embodiment of a spiral is seen in FIG. 
14. The tack 250 is seen to have base member 251 
and distally extending spiral member 252 forming spi- 
ral 253 having coils 254 which are generally circular 55 
in configuration and decrease in diameter along the 
longitudinal length of the spiral 253. The point 255 is 
seen to be generally aligned with the longitudinal axis 



of spiral 253. Referring to FIG. 15, an alternate em- 
bodiment of the tack 10 of FIG. 1 is illustrated. The 
tack 260 is seen to have base member 261 and down- 
wardly extending spiral member 262 forming spiral 
263 having coils 264 of circular configuration and 
constant diameter. The piercing point 265 is seen to 
be directed substantially perpendicular to the longitu- 
dinal axis of the spiral 263. 

Sutures may be affixed to the tacks of the pres- 
ent invention in various manners. Referring to FIG. 
16, a tack 310 is seen to have a base member 320, 
having top 330 and downwardly extending spiral 
member 350. Two ends of a suture are seen to be 
mounted in the base member 320 extending upward 
from the top 330 of the base member 320. The su- 
tures may be mounted in conventional manners in- 
cluding co-molding, bonding, mechanical fasteners, 
adhesives, welding and the like. 

An alternate suture mounting configuration is 
seen in FIG. 17. In FIG. 17, a suture 300 is seen to 
be tied about the proximal end of distally extending 
spiral member 50 of a tack 10 of the present invention 
adjacent to the base member 20. 

An alternate configuration for mounting a suture 
to a tack of the present invention is seen in FIG. 18. 
Atack400 is illustrated having base number 420 hav- 
ing a top surface 421 and a bottom surface 422. Ex- 
tending downwardly from the bottom surface 422 is 
a spiral member 450. Extending upwardly from sur- 
face 421 of the base number420 is the suture mount- 
ing member 430 having suture receiving hole 431. 
The suture 300 is threaded through suture receiving 
hole 431 . Yet another embodiment of a tack having a 
suture mounting configuration is seen in FIG. 19. The 
tack 460 is seen to have a base number 470 consist- 
ing of outwardly extending members 480 each having 
distally extending end sections 485. The tack is seen 
to have distally extending spiral member 490 extend- 
ing from the bottom surface 481 of the base member 
470. Suture 300 is mounted about the base number 
470 and is contained by the downwardly extending re- 
tention members 485. 

The surgical tacks of the present invention may 
be used to approximate tissues, to hold a medical de- 
vice to the surface of tissue including, for example, a 
surgical mesh, or to anchortissue to an anatomic site. 
The tacks of the present invention can be manufac- 
tured in small sizes useful in endoscopic surgical 
techniques. The tacks resist large removal forces. In 
addition, the tacks can be applied when the surgeon 
has access to only one side of a tissue site. The tacks 
of the present invention tend to be atraumatic be- 
cause unlike staples, they do not compress tissue 
and they only puncture atone site perfastenerversus 
typically two persite for conventional staples and fas- 
teners. It is known that the use of staples, which 
squeeze tissue when they are applied orfired, may in 
certain instances cause ischemia, with resultant nec- 
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rosis depending upon the pressure exerted by the sta- 
ple. In addition, most staples are made of non-absorb- 
able materials and remain behind even after the crit- 
ical healing period. 

The tacks of the present invention may be man- 5 
ufactured from absorbable or non-absorbable mate- 
rials. It is particularly preferred to manufacture the 
tacks of the present invention from absorbable mate- 
rials which are absorbed by the body over the course 
of the healing process thereby eliminating the fasten- 10 
er when it is no longer needed to perform its function 
approximating or fastening tissue. 

The tacks of the present invention, such as tack 
10, are used in the following manner. The tack is 
grasped by an appropriate grasping instrument, such 15 
as a conventional surgical grasper, screw driver, nut 
driver, alien wrench, or endosurgical grasper or may 
even be applied by hand. The point 58 of the tack 10 
is pressed against the outer surface of the tissue. 
Then, the tack is rotated to set the curved member 20 
into the tissue. The tack may be used on various types 
of tissues ranging from soft muscle, fascia, or fat to 
hard ligaments and tendons. 

The tacks of the present invention 10 will have a 
spiral member having a cross-sectional configuration 25 
sufficiently large to effectively anchor the tack 10 in 
tissue when formed into a spiral. For example, the 
tack 1 0 may have a spiral member 50 having a circular 
cross-section with a diameter of about 0.010 inches 
to about 0.075 inches. The length of the spiral and the 30 
size of the coils will depend upon the particular appli- 
cation and the characteristics of the materials of con- 
struction. The mechanical characteristics of the ma- 
terials of construction, e.g., stiffness, will be suffi- 
cient to effectively enable the tack to penetrate tissue 35 
without deforming. The major dimension of the coils 
of the spiral will be appropriate for the tissue in which 
the tack is being anchored, and will be sufficient to ef- 
fectively provide the required holding power of the 
tack, and may depend upon the method with which 40 
the tack is being applied. For example, the diameter 
of the coils may vary from about 0.125 inches to about 
0.250 inches. The length of the spiral and the number 
of coils of the spiral will depend on the holding power 
required and the depth of tissue in which the tack will 45 
be anchored as well as the type of tissue. The number 
of coils can be any amount greater than one-half. One 
skilled in the art will readily appreciate minimal rou- 
tine experimentation will readily lead to a determina- 
tion of the optimal spiral length, coil major dimen- 50 
sions, and number of coils for each particular applica- 
tion. 

The surgical tacks of the present invention may 
be made from either conventional bioabsorbable ma- 
terials or conventional non-absorbable materials, 55 
combinations thereof and equivalents thereof. Exam- 
ples of absorbable materials include homopolymers 
and copolymers of lactide, glycolide, trimethylene 



carbonate, caprolactone, and p-dioxanone and 
blends thereof. Of particular utility are the following 
two blends: 

(1) the blend of poly (p-dioxanone) and a lac- 
tide/glycolide copolymer, as disclosed in U.S. Pa- 
tent No. 4,646,741 which is incorporated by ref- 
erence. 

(2) the glycol ide-rich blend of two or more poly- 
mers, one polymer being a high lactide content 
polymer, and the other being a high glycolide con- 
tent disclosed in U.S. Patent No.4,889,119 which 
is incorporated by reference. 

The tacks may also be made from conventional 
non-absorbable, biocompatible materials including 
stainless steel, titanium, polymers, composites and 
the like and equivalents thereof. 

The following example is illustrative of the princi- 
pals of practice of the present invention, although not 
limited thereto. 

EXAMPLE I 

A patient is prepared for surgery using conven- 
tional surgical preparatory techniques. The patient is 
anesthetized with a sufficient dose of a conventional 
anaesthesia to induce an effective anaesthetized 
state. An incision is made into the patient's abdominal 
cavity in order to access the site of an inguinal hernia 
using conventional surgical techniques. Afterthe site 
of the inguinal hernia is prepared using conventional 
surgical techniques, a piece of a conventional, bio- 
compatible surgical mesh is placed over the site of the 
inguinal hernia. Absorbable surgical tacks 10 of the 
present invention are applied by grasping the tacks 1 0 
with an appropriate surgical grasping instrument and 
placing the tacks 10 into position proximal to the tis- 
sue to be fastened. The tacks 10 are made from a 
conventional absorbable polymeric material. The 
piercing points 58 of the spiral members 50 are posi- 
tioned substantially perpendicular to the surface of 
the tissue. The tack 1 0 is then pushed distally through 
the mesh until the tip 58 pierces the tissue. The tack 
1 0 is then rotated which causes it to move distally into 
the tissue until the bottom surface 40 of the base 
member 20 contacts the mesh. 

After the mesh is secured by using a sufficient 
number of tacks 10 to effectively affix the mesh, for 
example about fifteen, the inguinal hernia procedure 
is completed in a conventional manner and the inci- 
sion in the wall of the abdominal cavity is closed using 
conventional surgical sutures. The surgical tacks 10 
maintain the surgical mesh over the site of the ingui- 
nal hernia and are absorbed by the patient's body 
over time. 

Although this invention has been shown and de- 
scribed with respect to detailed embodiments there- 
of, it will be understood by those skilled in the art that 
various changes in form and detail thereof may be 
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made without departing from the spirit and scope of 
the claimed invention. 



Claims 

1. A tack for use in a surgical procedure, the tack 
comprising: 

a base member having a top surface and 
a bottom surface; 

a spiral member extending from the bot- 
tom of the base member, said spiral member hav- 
ing at least one outer edge, the spiral member 
having a distal end, wherein the spiral member 
forms a spiral, said spiral comprising at least one 
coil, a longitudinal axis and an interior passage; 
and, 

piercing means extending from the distal 
end of the spiral member. 

2. The tack of Claim 1 wherein the spiral member 
has a substantially semi-cylindrical cross- 
section. 



the tack into tissue. 

13. The tack of Claim 1 further comprising a surgical 
suture mounted thereto. 

5 

14. The tack of Claim 1 further comprising suture 
mounting means extending from the top surface 
of the base number. 

w 15. The tack of Claim 14 wherein the suture mount- 
ing means comprises a proximally extending 
member having a suture receiving hole therein. 

16. A tack of Claim 1 wherein the base number has 
15 a circular configuration. 

17. A tack of Claim 1 wherein the base number has 
a polygonal configuration. 

20 18. The tack of Claim 1 wherein the base number 
comprises two intersecting perpendicular mem- 
bers having outer ends and distally extending re- 
tention numbers extending from the outer ends. 



3. The tack of Claim 1 wherein the spiral member 
has a substantially triangular cross-section. 

4. The tack of Claim 1 wherein the spiral member 
has a substantially parabolic cross-section. 

5. The tack of Claim 1 wherein the spiral member 
has a substantially rectangular cross-section. 

6. The tack of Claim 1 wherein the coil has a circular 
configuration. 

7. The tack of Claim 1 wherein the coil has a trian- 
gular configuration. 

8. The tack of Claim 6 wherein the spiral comprises 
a plurality of circular coils wherein the coils have 
co ils which decrease in diameter along the long- 
itudinal axis of the spiral. 

9. The tack of Claim 1 wherein the piercing means 
comprised of a point extending from the distal 
end of the spiral member. 



25 19. The tack of claim 12 wherein the driving means 
comprises a cavity in the top surface of the base 
member configured to accept a driving tool 
means. 

30 20. A method of surgically fastening tissue compris- 
ing: 

inserting a surgical tack into one side of a 
section of tissue, wherein the tack comprises: 
a proximal base member having a top sur- 
35 face and 

a bottom surface; 

a distal spiral member extending from the 
bottom of the base member, said spiral member 
having at least one outer edge, the spiral member 
40 having a distal end, wherein the spiral member 

forms a spiral, said spiral comprising at least one 
coil, a longitudinal axis and an interior passage; 
and, 

piercing means extending from the distal 
45 end of the spiral member. 



10. The tack of Claim 9 wherein the point extends 
substantially parallel to the longitudinal axis of so 
the spiral. 



11. The tack of Claim 9 wherein the point extends 
substantially perpendicular to the longitudinal 
axis of the spiral. 55 



12. The tack of Claim 1 further comprising means 
mounted in the base member to facilitate driving 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention relates to surgical fasteners and 
their associated applicators, and more particularly, sur- 
gically fastening material to tissue. 
[0002] Fasteners have been used surgically to elimi- 
nate the need for suturing, which is both time consuming 
and inconvenient. In many applications the surgeon can 
use a stapler apparatus, i.e., a fastener implanting de- 
vice loaded with surgical fasteners to accomplish in a 
few seconds what would have taken many minutes to 
perform by suturing. This reduces blood loss and trauma 
to the patient. 

[0003] conventional surgical fasteners have been in 
the form of ordinary metal staples, which are bent by the 
delivery apparatus to hook together body tissue. Typi- 
cally, conventional staples comprise a pair of legs joined 
together at one end by a crown. The crown may be a 
straight member connecting the legs or may form an 
apex. Moreover, the legs may extend substantially per- 
pendicular from the crown or at some angle therefrom. 
Irrespective of the particular configuration, however, 
conventional staples are designed so that they may be 
deformed to hold body tissue. 
[0004] Accordingly, the stapler applicators have con- 
ventionally embodied structure functioning to projectthe 
conventional staple into tissue as well as to deform the 
staple so that it is retained against the tissue. Generally 
speaking, typical applicators include an anvil cooperat- 
ing with means to eject the conventional staple from the 
applicator. In some applications, access to the body tis- 
sue from two opposite directions is available and the an- 
vil can operate to deform the legs of the staple afterthey 
have passed through the body tissue. In applications 
where access to the tissue is from only one direction, 
the anvil may deform the crown of the conventional sta- 
ple so that its legs will project into the body tissue in a 
fashion so as to hold the staple against the tissue. 
[0005] Since conventional staples require deforma- 
tion and must cooperate with applicators having an anvil 
or other means to deform the staples, conventional ap- 
plicators typically comprise complex structures and can 
be prohibitively expensive. Conventional applicators 
must embody structure functioning to not only eject the 
fasteners but to do so in a manner so that the fastener 
deforms properly and timely. 

[0006] In some applications, conventional applicators 
must be equipped with structure functioning to move the 
anvil into and out of position so that when the fastener 
is ejected from the applicator, the anvil is properly posi- 
tioned and once fastener deformation is complete, 
moves out of position, thereby allowing the process to 
be repeated. Moreover, the anvil must be formed into a 
proper configuration so that fastener deformation can 
be repeated accurately. Further, the force between the 
fastener and the anvil must be controlled so that repeat- 



ed deformation is accomplished. The objectives of many 
inventions in this field have been to accomplish these 
goals by the simple manipulation of a single lever. It is 
to be appreciated, therefore, that the fastener applica- 

s tors have become complex and expensive instruments. 
[0007] Two partfasteners have also been convention- 
ally utilized, where a barbed staple is used in conjunc- 
tion with a retaining piece to hold the staple in place. 
Typically, the two part staple comprises a crown or back- 

10 span and two barbed prongs which are engaged and 
locked into a separate retainer piece. In use, the staple 
is pressed into the body tissue so that the barbs pene- 
trate the tissue and emerge from the other side where 
they are then locked into the retainer piece. Retainers 

15 prevent the staple from working loose from the tissue. 
The two piece fasteners cannot be unlocked and are not 
removable. 

[0008] Like other conventional applications, however, 
the two piece fasteners require the staple delivery ap- 

20 paratus to have access to both sides of the tissue. Thus, 
as with the other conventional applications, two piece 
fasteners are limited since they cannot be used where 
access to tissue is from one direction only. 
[0009] In those situations where access to body tis- 

25 sues is limited to one direction, as in grafting proce- 
dures, deformable surgical fasteners have been con- 
ventionally employed. As mentioned previously, howev- 
er, the applicators commonly used in these situations 
embody an anvil cooperating with a fastener to deform 

30 it and consequently, tend to be of a complex design. 
[0010] Some advancements have been made in this 
area so that applicators functioning to attach grafts to 
tissue, for instance, are not required to embody an anvil 
and may, therefore, have a more simple design. In par- 

35 ticular, it has been suggested in the art to employ fas- 
teners with barbs, thereby, eliminating the need for de- 
forming the fastener. These fasteners are limited, how- 
ever, since the path created in the graft and tissue by 
the barbs as the fastener is pressed into the graft and 

40 tissue may allow the fastener to loosen its grip or to en- 
tirely back out of engagement. Moreover, due to their 
sole reliance upon barbs to retain tissue, the barb fas- 
teners are further limited in that they may not have a 
great enough retentive surface area for securely holding 

45 tissue in place. 

[0011] In WO-A-9014795 there are described various 
designs of suture device including a suture device made 
of bioabsorbable material having an elongate body 
member with a sharp distal end for penetrating tissue 

so and means for locking the suture device in tissue to pre- 
vent forward and rearward movement. There is also de- 
scribed a suture device made of bioabsorbable material 
having a hinge-like joint for folding a distal portion at a 
precise location to be juxtaposed with a proximal portion 

55 for adjustable locking. Methods of using the suture de- 
vices for joining tissue sections, such as in tuboplasty, 
for closing anatomical lumens and for subcuticular su- 
turing are also described. 



2 



3 



EP 0 835 642 B1 



4 



[0012] In the quite unrelated field of surface coverings 
such as carpets, rugs, mats and the like it is known from 
US-A-5, 163,343 to provide a system for fastening at 
least a pair of plies of fabric together utilizing a helical 
member having a body portion of a certain pitch. The 
helical member also includes a sharpened tip and an 
end portion with a loop which lies in a plane which inter- 
sects the helical path of the helical member. A tool con- 
structed with a gripping portion and a hollow portion con- 
nected to the same is employed to turn the helical mem- 
ber through the adjacent plies of fabric. 
[0013] Nevertheless to circumvent or overcome the 
problems and limitations associated with conventional 
surgical fasteners and applicators, a simple applicator 
that dispenses a surgical fastener having high surface 
area for retentive contact with tissue and that can be 
delivered into body tissue from one direction may be em- 
ployed. 

SUMMARY OF THE INVENTION 

[0014] According to the present invention there is pro- 
vided a system for ligating tissue or attaching an im- 
plantable device, the system comprising a plurality of 
continuous helical coils each having a distal end, a prox- 
imal end and a first helical coil section at said distal end, 
said distal end being configured to piercetissue and said 
proximal end being configured to receive and translate 
rotational forces; and an applicatorfor applying rotation- 
al forces to said proximal end of said continuous helical 
coils, said applicator including ratcheting means so that 
only a single continuous coil may be completely ejected 
out of the applicator at a time. 
[0015] Thus the invention includes a plurality of sur- 
gical fasteners and an applicator used in delivering the 
fasteners into body tissue. The fasteners and applicator 
may be used in a number of medical procedures includ- 
ing ligating tissue, hernia mesh repair, bladdernecksus- 
pension, and in conjunction with implant drug delivery 
systems or procedures involving positioning of surgical 
or implantable devices in a patient's body. 
[0016] In a preferred embodiment the continuous hel- 
ical coils are longitudinally collapsible and expandable. 
At the distal ends of the helical fasteners is a point for 
enhancing penetration into tissue. The proximal ends of 
the helical fasteners have a T-bar which sections the di- 
ameter of the fastener, thereby providing a surface for 
receiving and transmitting longitudinal and rotational 
forces so that the fasteners may be driven into tissue by 
a corkscrew action. The pitch and length of the helical 
fasteners may vary upon the application as can their di- 
ameter and the configuration of the most proximal and 
distal coils comprising the fastener. Additionally, the ma- 
terial selection and fastener stiffness may be selected 
with a particular application in mind. 
[0017] In another embodiment, the surgical fasteners 
may comprise a double continuous helical coil that is 
also longitudinally collapsible and expandable and may 



embody various configurations depending upon the ap- 
plication. Moreover, the distal end of the double helical 
fasteners may comprise two points for enhancing pen- 
etration into tissue and their proximal ends may com- 

s prise a connector bar which con nects the two helixes as 
well as sections the diameter of the double helical fas- 
tener. In yet another embodiment, the surgical fasteners 
may further comprise a pivot post extending through the 
center of the fastener and operating to provide the fas- 

10 tener with a stable pivot. In any of the embodiments, one 
or more barbs may be employed near the point to en- 
hance anchoring characteristics. 
[0018] In a preferred embodiment the fastener appli- 
cator includes a proximal portion and a distal portion. 

15 The proximal portion is preferably fabricated to be a "re- 
usable" component and the distal portion a "disposable" 
component. 

Alternatively, both the distal and proximal portion can be 
made disposable. The distal portion is elongate and em- 

20 bodies an outertube housing an inner rotator, a lockclip/ 
indicator and a load spring. The proximal portion in- 
cludes a handle. In the preferred embodiment of the dis- 
tal portion, a thread form comprising an interlock spring 
is provided within the outer tube. The rotator includes a 

25 structure running longitudinally along its length that 
functions to receive the T-bar or connector bar of the 
fasteners and in this way, the rotator holds a plurality of 
fasteners. The load spring applies a force against the 
lock clip/indicator operating to bias the plurality of 

so springs distal ly within the outer tube and towards the 
nose piece. The thread form functions to engage the 
coils of the helical fasteners and when rotating the rota- 
tor, a fastener is driven from the distal end of the appli- 
cator. In other embodiments of the applicator, the distal 

35 end has various other structures functioning to engage 
the coils of thefastenersand to drive them from the distal 
end of the applicator. In one other embodiment, the dis- 
tal end comprises a nose piece protrusion for engaging 
the fasteners. 

40 [0019] In orderto cause the rotatorto rotate, the prox- 
imal portion of the applicator has a handle and an actu- 
ator cooperating with the rotator. In a preferred embod- 
iment, the proximal portion of the applicator embodies 
a lever pivotally attached about a midpoint to the handle. 

45 A first end of the lever is configured to be gripped by 
hand and a second end is adapted to engage a nut driv- 
er. The nut driver travels along a helical lead screw 
which is connected to the rotator. When the lever is 
squeezed by hand the nut driver travels along the lead 

50 screw causing it to rotate, and through the connection 
of the lead screw to the rotator, the action of the lead 
screw causes the rotator to rotate. 
[0020] Further, the lever comprises a midsection ex- 
tension. Pivotally attached to the midsection extension 

55 of the lever is a spring loaded pawl adapted to releasably 
engage gear teeth formed in the interior of the handle. 
The spring loaded pawl prohibits the lever from back- 
stroking until it has been completely depressed. Upon 
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complete depression of the lever, the pawl clears the 
gear teeth and the spring, biasing the pawl, rotates the 
pawl away from the teeth, thereby allowing the lever to 
return to its undepressed condition. 
[0021 ] In another embodiment of the proximal portion 
of the applicator, the lever is pivotally attached at a first 
end to the handle, the second end being adapted to en- 
gage the nut driver. Further, rather than embodying a 
spring loaded pawl, this alternate embodiment of the 
proximal portion includes a clutch assembly or releasa- 
ble connection between the lead screw and rotator and 
cooperating means to prohibit the leverfrom backstrok- 
ing until it has been completely depressed. 
[0022] Other features and advantages of the present 
invention will become apparent from the following de- 
tailed description, taken in conjunction with the accom- 
panying drawings, which illustrate, by way of example, 
the principals of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

FIGURE 1 depicts a perspective view of a fastener 
of the present invention, illustrating a side view of a 
helical fastener. 

FIG. 1 A depicts another perspective view of the fas- 
tener of the present invention, illustrating an end 
view of the helical fastener. 
FIG. 1 B depicts a schematic view of a fastener of 
the present invention, illustrating a substantially col- 
lapsed helical fastener with a relatively small gap 
that has been partially inserted into tissue. 
FIG. 1 C depicts a schematic view of a fastener of 
the present invention, illustrating the helical fasten- 
er depicted in FIG. 1B completely inserted into tis- 
sue. 

FIG. 1 D depicts a schematic view of a fastener of 
the present invention, illustrating a substantially col- 
lapsed helical fastener with a relatively large gap 
that has been partially inserted into the tissue. 
FIG. 1 E depicts a schematic view of a fastener of 
the present invention, illustrating the helical fasten- 
er depicted in FIG. 1D completely inserted into tis- 
sue. 

FIG. 1 F depicts a perspective view illustrating an 
end view of the helical fastener of another embod- 
iment of the present invention. 
FIG. 2 depicts a perspective view illustrating a dou- 
ble helical fastener of another embodiment of the 
present invention. 

FIG. 2A is a front view of the double helical fastener 
of FIG. 2. 

FIG. 2B is side view of the double helical fastener 
of FIG. 2. 

FIG. 2C is a top view of the double helical fastener 
of FIG. 2. 

FIG. 3 is a perspective view illustrating another de- 



sign of a double helical fastener of yet another em- 
bodiment of the present invention. 
FIG. 3A is a front view of the double helical fastener 
of FIG. 3. 

s FIG. 3B is a side view of the double helical fastener 
of FIG. 3. 

FIG. 3C is a top view of the double helical fastener 
of FIG. 3. 

FIG. 4 is a perspective view illustrating a helical fas- 

10 tener with a central post of the present invention. 
FIG. 5 depicts a schematic cross-sectional view of 
an applicator of the present invention, illustrating a 
side view of the applicator. 
FIG. 6 is a schematic cross-sectional side view of a 

15 terminal end of the applicator. 

FIG. 6A is a schematic cross-sectional end view of 
a terminal end of the applicator. 
FIG. 7 is a schematic cross-sectional view of the 
terminal end of the applicator, illustrating the pre- 

20 ferred embodiment of the terminal end. 

FIG. 7A is a schematic cross-sectional end view of 
the preferred embodiment of the terminal end of the 
application shown in FIG. 7. 
FIG. 8 is a schematic cross-sectional view of the 

25 terminal end of the applicator, illustrating another 
embodiment of the terminal end. 
FIG. 8A is a schematic cross-sectional end view of 
the embodiment of the terminal end of the applicator 
shown in FIG. 8. 

30 FIG. 9 is a schematic cross-sectional view of the 
terminal end of the applicator, illustrating yet anoth- 
er embodiment of the terminal end. 
FIG. 9A is a schematic cross-sectional end view of 
the embodiment of the terminal end of the applicator 

35 shown in FIG. 9. 

FIG. 10 is a schematic cross-sectional view of the 
terminal end of the applicator, illustrating still yet an- 
other embodiment of the terminal end. 
FIG. 1 0A is a schematic cross-sectional end view 

40 of the embodiment of the terminal end of the appli- 
cator shown in FIG. 10. 

FIG. 11 is a schematic cross-sectional view of the 
terminal end of the applicator, illustrating another 
embodiment of the terminal end. 
45 FIG. HAisaschematiccross-sectionalendviewof 
the embodiment of the terminal end of the applicator 
shown in FIG. 11. 

FIG. 12 is a schematic cross-sectional view of the 
terminal end of the applicator, illustrating a further 
50 embodiment of the terminal end. 

FIG. 12A is a schematic cross-sectional end view 
of the embodiment of the terminal end of the appli- 
cator shown in FIG. 12. 

FIG. 13 is a schematic cross-sectional view of the 
55 terminal end of the applicator, illustrating a still fur- 
ther embodiment of the terminal end. 
FIG. 14 is a schematic cross-sectional view of the 
terminal end of the applicator, illustrating still yet an- 
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other embodiment of the terminal end. 
FIG. 15. is a schematic cross-sectional view of an- 
other applicator of the present invention, illustrating 
a side view of the applicator. 
FIG. 16 is a schematic partial cross-sectional view 
of a releasable connection between the lead screw 
and rotator. 

FIG. 1 6A is schematic representation of a distal end 
of the lead screw, illustrating an end view of the lead 
screw. 

FIG. 1 6B is a schematic representation of the distal 
end of the lead screw, illustrating a side view of the 
lead screw depicted in FIG. 16. 
FIG. 1 6C is a schematic representation of the prox- 
imal end of the rotator, illustrating a side view of the 
rotator. 

FIG. 1 6D is a schematic representation of the prox- 
imal end of the rotator, illustrating an end view of 
the rotator depicted in FIG. 16B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] As is shown in the drawings, which are includ- 
ed for purposes of illustration and not by way of limita- 
tion, the invention is embodied in a continuous helical 
fastener and an applicator therefor. The helical fastener 
has a high retentive surface area and the applicator has 
a simple design and functions to dispense the helical 
fasteners, without substantially deforming thefasteners, 
into body tissue, access to which is from one direction 
only. Some conventional fasteners require deformation 
to hold tissue and are consequently limited since they 
require complex applicators to attach them into tissue. 
Other conventional fasteners lack high retentive surface 
area for securely holding tissue. Still other fastener/ap- 
plicator systems require access to tissue from two di- 
rections in order to accomplish attaching a fastener to 
tissue. Thus, the helical fastener and applicator of the 
present invention provides a superior means to attach 
fasteners to tissue. 

[0025] One embodiment of the present invention 
(FIGS. 1 , 1 A and 5) is embodied in a helical fastener 1 0 
which is attached to tissue by employing a novel appli- 
cator 12 which rotates the fastener 10 into tissue. The 
dimensions and physical characteristics of the helical 
fastener 1 0 are selected to insure a secure attachment 
of the fastener 10 to tissue. Similarly, the dimensions 
and physical characteristics of the applicator 12 utilized 
to dispense the fasteners 10 into tissue are dependent 
upon the application. 

[0026] In a preferred embodiment, the fastener 10 is 
formed into the configuration of a continuous helix and 
may have a depth 1 6, a diameter 1 8 and a pitch 20 de- 
termined by the application. The continuous helix may 
be longitudinally collapsible and expandable. The cross- 
sectional profile of the continuous helix is substantially 
circular in the preferred embodiment but can be square, 



rectangular or triangular. In a particular application such 
as mesh anchoring for hernia repair, the pre-formed 
pitch can be 1.27mm (.050 inches). However, the pre- 
formed pitch can vary from a minimum determined by 
s the thickness of the material forming the helix to a max- 
imum of approximately 3.0 times the coil diameter. In 
other embodiments, it is contemplated that the pitch 20 
vary along the length of thefastener 1 0 so as to optimize 
the retaining force of the fastener 10. Moreover, since 
10 the continuous helical coil is preferably longitudinally 
collapsible and expandable, upon insertion into tissue, 
the final pitch 31 may be less than or greater than the 
pre-formed pitch. If the coil is made of rigid construction, 
as is also contemplated, the pitch would be made sub- 
's stantially fixed. The diameter in the preferred embodi- 
ment may be 5 mm; however, designs ranging from 1 
mm and up are contemplated. In practice, the depth 16 
of the fastener 1 0 must be selected so that the extent of 
fastener penetration into tissue is sufficient to hold the 
20 fastener 10 in place. 

[0027] Moreover, distal end 22 of the fastener 1 0 is to 
be configured such that a gap 23 exists between the 
most distal coil 27 (orfirst coil) of thefastener 10 and its 
adjacent coil. As may be appreciated from the preferred 
25 embodiment of FIGS. 1B through 1E. as the fastener 10 
is pressed against tissue 25, all of the coils substantially 
collapse except the most distal coil 27, leaving the gap 
23 to determine the path the fastener 10 takes as it is 
rotated into the tissue 25 and more importantly, the ex- 
30 tent of penetration 29 into the tissue 25 and final pitch 
31 of thefastener 10 in tissue. Although FIG. 1B shows 
substantially all of the coils being collapsed, it is to be 
appreciated that, depending upon the applicator utilized 
to implant the fastener 1 0, fever coils than all of the coils 
35 may be collapsed at any one time. It remains, however, 
that since the fastener 10 is longitudinally collapsible 
and expandable, it is the gap 23 that generally deter- 
mines final pitch 31 . Accordingly, the magnitude of the 
gap 23 can be varied, depending upon the application, 
40 to achieve the desired final pitch 31 and penetration 29 
in tissue. Thus, the greater the gap 23, upon insertion 
of the fastener 1 0 in tissue, the greater the penetration 
29 and final pitch 31 of the fastener 1 0 in tissue. 
[0028] In the preferred embodiment, the distal end 22 
45 of the helical fastener 1 0 terminates with a point 24. The 
point 24 may be sharp or blunt depending upon the tis- 
sue to which the fastener 1 0 will be affixed. Additionally, 
one or more barbs or a sharp point projecting in reverse 
direction to point 24 (not shown) can be added to fas- 
so tener 1 0 near point 24 to enhance anchoring character- 
istics of the fastener. A proximal end 26 of the helical 
fastener 10 may comprise structure functioning to re- 
ceive and transmit applied longitudinal forces. In the 
preferred embodiment, the most proximal coil is formed 
55 into a T-bar 33 that perpendicularly sections the diame- 
ter 18 of the fastener 10. In alternate embodiments, it is 
also contemplated that the most proximal coil section 
the diameter 18 non-perpendicularly or be formed into 
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a spiral 35 existing in a single plane (See FIG. 1 F). 
[0029] Concerning the material of the helical fastener 
10, it is contemplated in the preferred embodiment that 
the fastener be made from semi-stiff implantable wire, 
such as titanium, wound into a helical shape. In alternate 
embodiments, the helical fastener 10 may comprise 
plastic or absorbable materials. Examples of materials 
that can be used in constructing the helical fastener 1 0 
include titanium, titanium alloys, stainless steel, nickel, 
chrome alloys and any other biocompatible implantable 
metals. Other options for materials are liquid crystal pol- 
ymers, HDPE, polyglycolic acid, and polyglycolid hy- 
droxyacetic acid. Further, it may also be desirable to 
coat the fastener, or a portion thereof, with a biocompat- 
ible lubricious material that provides for easier delivery 
of the fastener into tissue. 

[0030] In another embodiment of the surgical fasten- 
er, the fastener 1 1 0 is formed into the configuration of a 
double helix (See FIGS. 2-2C). By embodying a double 
helix, the fastener 110 has increased retentive strength 
as well as means to balance the fastener 1 1 0 as it is 
pressed into tissue. As with the helical fastener 10, the 
configuration of the double helical fastener 1 1 0, i.e., the 
pre-formed pitch and diameter, may be varied for a par- 
ticular application and a barb may be employed to en- 
hance anchoring in tissue. Moreover, the materials con- 
templated are the same as those for the helical fasten- 
ers, Further, the double helical fastener 110 is also lon- 
gitudinally collapsible and expandable and its final pitch 
is dependent upon the gap 112 existing between the 
most distal coils 1 1 4, 1 1 5 of the fastener 1 1 0 and their 
adjacent coils. 

[0031] Regarding the proximal 118 and distal 120 
ends of the double helical fastener 110, they comprise 
structure to drive the fastener into tissue as well as tis- 
sue piercing structures. The proximal end 118 has a 
connector bar 1 22 sectioning the diameter of the fasten- 
er that connects one helical coil to another and functions 
to receive and transmit longitudinal forces. The distal 
end 120 terminates with two points 124, 125 for piercing 
and facilitating the implantation of the fastener 110 into 
tissue. 

[0032] As may be appreciated by comparing FIGS. 
2-2Dwith FIGS.3-3D, it is contemplated that the double 
helical fastener 110 have a full turn design (FIGS. 2-2D) 
as well as a half turn design (FIGS. 3-3D). It is to be 
understood, however, that the designs having more than 
one turn and having other increments of turns are con- 
templated. It is the applicator that will determine the re- 
quired number of turns for a specific fastener 110. 
[0033] In yet another embodiment of the surgical fas- 
tener, as shown in FIG. 4, the double helical fastener 
110 is provided with a pivot post 130 having a pointed 
terminal end 1 32. The pivot post 130 of this embodiment 
operates to provide the fastener 110 with a stabilizing 
element so that, asthefastenerHO is being turned, the 
helical coils cooperatively enter the tissue. 
[0034] The applicator 12 (FIG. 5) comprises a proxi- 



mal portion 28 having a handle 30 and an actuator 32 
and a cooperating elongated distal portion or cannula 
34 housing a plurality of fasteners. In general, through 
the manipulation of the actuator 32, the fasteners are 
s ejected, one by one, out of a distal portion 34 and into 
body tissue. The applicator 12, hereinafter described in 
more detail, is equally proficient in driving each of the 
embodiments of fasteners set forth above into tissue. 
[0035] In more detail (see FIGS. 6 and 6A), the distal 
10 portion 34 comprises an outer tube 36 housing a rotator 
38, a lock/clip indicator 40 and a load spring 42. Extend- 
ing longitudinally along the rotator 38 is a groove 44 
which operates to receive the most proximal coil sec- 
tioning the fastener. Although FIG. 6 shows only a single 
15 fastener (having a single helical design) retained by the 
rotator 38, it is to be appreciated that the rotator 38 may 
receive a plurality of fasteners (having a single or double 
helical design), wherein each fastener has its last coil 
positioned within the rotator groove 44. Moreover, al- 
so though not depicted in FIG. 3, it is also contemplated 
that ratherthan embodying a groove, the rotator 38 has 
a cross-sectional profile approximately a "D", wherein 
the flat portion operates to engage the coil sectioning 
the fasteners. Irrespective of the configuration of the ro- 
25 tator, however, the rotator is to embody structure func- 
tioning to engage a plurality of fasteners and to facilitate 
turning them into tissue. 

[0036] It is also to be appreciated that load spring 42 
applies a force through the lock clip indicator 40 to bias 
30 the plurality of fasteners distally. The lock clip/indicator 
40 may comprise a simple washer sized and shaped to 
engage the fasteners and rotator 38 as well as to receive 
forces from the load spring 42. Additionally, lock/clip in- 
dicator 40 serves as a jam stop to prevent further actu- 
35 ation by rotator 38 upon discharge of all fasteners by 
mating with, or abutting against, structure comprising 
the terminal end 50 and preventing further rotation. 
Lock/indicator 40 can be made of a color (or shape) to 
serve as an empty indicator notifying the user that no 
40 more fasteners are available. Other embodiments of the 
indicator 40 may be utilized as long as they function to 
transmit forces to bias the fasteners distally. The load 
spring 42 is to be retained within the outer tube 36 and 
to have physical characteristics such that sufficient forc- 
es es may be applied through a front end 43 to a last re- 
maining fastener contained within the applicator 12. A 
back end (not shown) of the load spring 42 may be 
placed against any stationery structure within the outer 
tube 36, thereby providing a foundation against which 
50 the spring 42 may be compressed. In a preferred em- 
bodiment, the load spring 42 extends substantially the 
length of the distal portion 34. 

[0037] In the preferred embodiment (FIGS. 7 and 7A), 
the outer tube 36 is configured with a thread form 201 
55 comprising an interlock spring 203 fixedly retained with- 
in the outer tube 36 and extending substantially the 
length thereof. The interlock spring 203 may be fixedly 
retained within the outer tube 36 by ensuring a tight in- 
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terference between the parts or the interlock spring may 
be spot welded or equivalently bonded within the outer 
tube. The thread form 201 operates to guide the fasten- 
ers through the distal portion 34 and to eject them from 
the applicator 12. 

[0038] In another embodiment of the applicator 12 
(FIGS. 8 and 8A), attached at a terminal end 46 of the 
distal portion 34 may be a nose piece 48. The nose piece 
48 may further comprise a protrusion 50 extending per- 
pendicularly and towards a longitudinal axis 52 of the 
distal portion 34. This nose piece protrusion 50 also 
functions to engage the surgical fasteners and to force 
them from the terminal end 46 of the distal portion 34 as 
well as engaging lock/clip indicator 40 as described 
above. 

[0039] In other embodiments of the applicator 12, the 
distal portion embodies other structure or thread forms 
functioning to engage the surgical fasteners and guide 
them out of the applicator and into tissue (See FIGS. 
9-1 4). In FIGS. 9 and 9A, the outer tube 36 is rolled at 
its terminal end 46 and a 1 80° portion of the rolled ter- 
minal end is cut away. The remaining rolled portion en- 
gages the fastener while the portion cut away provides 
an exit for the fasteners. The embodiment depicted in 
FIGS. 1 0 and 1 0A is similar to that of FIGS. 9 and 9A, 
the difference being that instead of removing a portion 
of the rolled terminal end 46, it is stamped or deformed 
to thereby provide an exit. FIGS. 11 and 11 A show yet 
another embodiment, wherein two longitudinally spaced 
apart stabilizing points 301 , 302 are formed 180° from 
each otherwithin the outertube. These stabilizing points 
also operate to engage the fastener and guide it into tis- 
sue. Turning to FIGS. 12, 12A, 13 and 14, they each 
comprise a terminal end 46 formed with threads which 
operate to engage and eject a fastener. In FIGS. 12 and 
12A are depicted threads machined or formed solely 
within the inside of the outer tube. FIG. 13 shows an 
internally threaded sleeve attached to the outside of the 
terminal end 46 of the outer tube 36. FIG. 14 illustrates 
an applicator 12 provided with a terminal end 46 de- 
formed so as to have internal and external threaded 
structures. Irrespective of the design chosen for the ter- 
minal end of the applicator, however, each of the de- 
signs are effective with a relatively small overall outer 
diameter, i.e., on the order of 5mm. 
[0040] In orderto eject surgical fasteners from the dis- 
tal portion 34, the actuator 32 functions to turn the rotator 
38. As the rotator turns, the distal end 22 of a fastener 
is threaded out of the terminal end 46 of the applicator 
12 (see FIG. 5). 

[0041] In the preferred embodiment of the proximal 
portion 28 of the applicator 12 (See FIG. 5), a lever 54 
is pivotally connected about a midpoint 56 to the handle 
30. A first end 58 of the lever 54 is to be configured for 
gripping by hand. A second end 60 of the lever is to be 
adapted to pivotally engage a nut driver 62. 
[0042] The nut driver 62 of the applicator 12 travels 
upon a high helix lead screw 64 which is rotatably 



mounted within the proximal portion 28. In the preferred 
embodiment, a longitudinal axis of the high helix lead 
screw 64 is coaxial with the longitudinal axis 52 extend- 
ing through the distal portion 34 of the applicator 1 2. Up- 

s on manipulation of the lever 54, the nut driver 62 travels 
along the lead screw 64 causing it to rotate through a 
connection of the lead screw 64 to the rotator 38, the 
action of the lead screw causes the rotator to rotate. The 
lead screw 64 may be connected to the rotator 38 by 

10 any conventional means. For instance, the lead screw 
64 can have an internal bore receiving and engaging an 
end of the rotator 38. Further, the length of travel of the 
nut driver 62 along the lead screw 64 is chosen such 
that it causes the rotator to rotate a predetermined 

15 number of times so that a single helical fastener 1 0 is 
ejected from the applicator 12. 
[0043] Additionally, in the preferred embodiment, the 
lever further comprises a midsection extension 66. Piv- 
otally attached to the midsection extension 66 of the le- 

20 ver 54 is contemplated to be a spring loaded pawl 68 
adapted to releasably engage gear teeth 70 formed in 
the interior of the handle 30. Spring loaded pawl 68 is 
configuredto prohibit the lever 54 from backstroking un- 
til it has been completely depressed. Upon complete de- 

25 pression of the lever 54, the pawl 68 clears the gear 
teeth 70 and the spring biasing the pawl 68 rotates the 
pawl 68 away from the teeth 70, thereby allowing the 
lever 54 to return to its undepressed condition. 
[0044] In operation, upon complete depression of the 

30 lever 54, the nut driver 62 travels a pre-determined dis- 
tance along the lead screw 64, causing the rotator 38 to 
rotate a pre-determined number of revolutions corre- 
sponding to a number of turns of a particular helical fas- 
tener 10. As the rotator 38 rotates, the fasteners re- 

35 tained by the rotator also rotate and the coils of the most 
distal fastener are threaded out of the terminal end 46 
of the applicator 12 and into tissue. Moreover, where the 
lever 54 is only partially depressed, the spring loaded 
pawl 68 operates to hold the lever 54 stationery and will 

40 continue to function to hold the lever 54 stationery until 
the Iever54 has been completely depressed. In this way, 
the delivery of fasteners into body tissue is controlled so 
that only a single fastener may be completely ejected 
out of the applicator 12 and pressed into body tissue at 

45 a time. 

[0045] In the preferred embodiment, the proximal por- 
tion 28 is fabricated to have a reusable handle that can 
be re-sterilized, and the distal portion is made disposa- 
ble. Thus, upon discharge of all the fasteners 10 from 
50 distal portion 34, the distal portion would be discarded 
and replaced. The handle could be reused up to a limited 
number of procedures. 

[0046] In another embodiment of the proximal portion 
328, of the applicator 312 (FIG. 1 5), a lever 354 is piv- 
55 otally connected at a first end 355 to the handle 330 and 
biased to its undepressed position by a spring 357. The 
mid-section 358 of the lower 354 is configured for grip- 
ping by hand. A second end 360 of the lever is to be 
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adapted to pivotally engage a nut drive 362. 
[0047] The nut driver 362 of the applicator 31 2 travels 
along a high helix lead screw 364 which is rotatably 
mounted within the proximal portion 328. Upon manip- 
ulation of the lever 354, the nut driver travels along the 
lead screw 364 causing it to rotate and, through a clutch 
assembly or a releasable connection of the lead screw 
364 to the rotator 38, the action of the lead screw causes 
the rotator to rotate. 

[0048] Further, the lever 354, has a mid-section ex- 
tension 366 that cooperates with a spring biased latch 
pawl mechanism 368 fixed to the handle adapted to re- 
leasably engage teeth 370 formed on the mid-section 
extension 366. The spring biased latch pawl is config- 
ured to prohibit the lever 354 from backstroking until it 
has been completely depressed. Upon complete de- 
pression of the lever 354, the latch pawl 368 clears the 
mid-section teeth 370 and the spring biased latch pawl 
368 rotates away from the teeth, thereby allowing the 
lever 354 to return to its undepressed condition. 
[0049] As stated, there is a releasable connection be- 
tween the lead screw 364 and the rotator. The releasa- 
ble connection provides the applicator with means to 
disengage the distal portion of the applicator from the 
proximal portion. In this way, the proximal portion can 
be re-used with various different designs of the proximal 
portion. Further, while the lever 354 is being depressed, 
the clutch assembly or releasable connection functions 
to transfer the rotation of the lead screw 364 to the ro- 
tator 38, thereby causing the rotator to rotate. Addition- 
ally, upon complete depression of the lever, the clutch 
assembly operates to allow relative motion of the lead 
screw 364 and the rotator. 

[0050] One such releasable connection contemplated 
is a conventional ratchet mechanism. As shown in FIGS. 
16-16D, the distal end 370 of the lead screw 364 has a 
connecting surface 372 equipped with leaf springs 374, 
376 each having an engaging face 377 and an internal 
bore 378 existing coaxially with a longitudinal axis of the 
lead screw. The proximal end 380 of the rotator 38 has 
a cooperating connecting surface 382 having ridges 384 
for releasable engagement with the leaf springs 374, 
376 and an extension 386 adapted to fit within the inter- 
nal bore of the lead screw connecting surface. As may 
be appreciated from the FIGS., as the lead screw turns 
so that the ridges 384 contact the engaging faces 377 
of the leaf springs 374, 376, the rotation of the lead 
screw 364 will cause the rotator 38 to likewise rotate. 
Where the lead screw is turned in the opposite direction, 
the ridges 384 will not engage the engaging face of the 
leaf springs and the motion of the lead screw 384 will 
not be transferred to the rotator 38. 
[0051] In this embodiment, upon complete depres- 
sion of the lever 354, the nut driver 362 travels a prede- 
termined distance along the lead screw 364, causing the 
rotator 38 to rotate a pre-determined number of revolu- 
tions. As the rotator 38 rotates, the fasteners retained 
by the rotator also rotate and the coils of the most distal 



fasteners are threaded out of the applicator and into the 
tissue. At this point, the latch pawl mechanism 368 dis- 
engages from the teeth 370 and the Iever354 is returned 
to its undepressed position by spring 357. As with the 
s previous embodiment of the proximal portion 28, the 
proximal portion of this embodiment functions to allow 
only a single fastener to be completely ejected from the 
applicator and be pressed into body tissue at a time. 
[0052] In other embodiments, means to cause the ro- 
10 tatorto rotate may comprise a single knob connected to 
a rotator which can be turned by hand. Additionally, the 
revolving means may include a rack and gear structure 
or a set of beveled gears. Further, instead of comprising 
a groove, the rotator may be internally threaded, Where- 
's in the threaded portions function to house as well as ad- 
vance the helical fasteners 10. Irrespective of the means 
or structure employed, however, it is contemplated that 
the number of revolutions of the rotator be set to a pre- 
determined parameter so that the delivery of helical fas- 
20 teners to tissue may be controlled. 

[0053] From the foregoing, it will be appreciated that 
the helical fastener and applicator of the present inven- 
tion function to securely attach a fastener with high re- 
tentive surface area to tissue from one direction through 
25 the utilization of an applicator having a simple design. It 
is also to be appreciated that the present invention may 
be utilized in a number of applications including ligating 
tissue, hernia mesh repair, bladder neck suspension, 
and in conjunction with implant drug delivery systems 
30 or procedures involving positioning of surgical or im- 
plantable devices in patient. 

[0054] While several particular forms of the invention 
have been illustrated and described, it will also be ap- 
parent that various modifications can be made without 
35 departing from the scope of the invention. 



Claims 

40 1. A system for ligating tissue or attaching an implant- 
able device, the system comprising a plurality of 
continuous helical coils (10) each having a distal 
end (22), a proximal end (26) and a first helical coil 
section at said distal end (22), said distal end (22) 

45 being configured to pierce tissue and said proximal 
end (26) being configured to receive and translate 
rotational forces; and 

an applicator (1 2) for applying rotational forc- 
es to said proximal end (26) of said continuous hel- 

so ical coils (10), said applicator (12) including ratch- 
eting means (68,70) so that only a single continuous 
helical coil (10) may be completely ejected out of 
the applicator (12) at a time. 

55 2. The system of claim 1 , wherein said applicator (1 2) 
includes a distal portion (34) and a proximal portion 
(28), said distal portion (34) being configured to re- 
tain said plurality of continuous helical coils (1 0) and 
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to sequentially deploy each said continuous helical 
coil (10) into tissue. 

3. The system of claim 1 , or claim 2 wherein said con- 
tinuous helical coils (10) are longitudinally collaps- 
ible and expandable. 

4. The system of any preceding claim, wherein said 
distal ends (22) of said continuous helical coils (1 0) 
are configured with a point (24). 

5. The system of claim 4, wherein a gap (23) is defined 
between said point (24) of said first helical coil sec- 
tion and an adjacent coil section, the magnitude of 
said gap being variable to achieve a desired depth 
of penetration and pitch of said continuous helical 
coils (1 0) in tissue and retentive strength of said 
continuous helical coils (10) in tissue. 

6. The system of any preceding claim, wherein said 
continuous helical coils (10) have a stiffness such 
that a pitch (20) between coils can be varied by said 
applicator (12). 

7. The system of any preceding claim, wherein said 
continuous helical coils (10) include at least one 
barb projecting in a reverse direction and positioned 
proximate to said distal end (22). 

8. The system of any preceding claim, wherein said 
proximal end (26) of said continuous helical coils 
(10) are configured into a T-bar (33) that extends 
along a line sectioning a cross-sectional profile of 
said continuous helical coil (10), 

9. The system of any of claims 1 to 7, wherein said 
continuous helical coils comprises a continuous 
double helix having a distal end (120) terminating 
with a first point (124) and a second point (125), a 
proximal end (118) including a connecting bar (122) 
and a first helical coil section (114) and a second 
helical coil section (115), said first and second hel- 
ical coil sections (114,115) being adjacent said dis- 
tal end (120) and being associated with said first 
and second points (124,125) and defining a gap 
(112) therebetween , and wherein the applicator (1 2) 
is adapted to be capable of applying rotational forc- 
es to said connecting bar. 

10. The system of claim 9, wherein said continuous 
double helical coils includes a pivot post (130) ex- 
tending from said connecting bar (122) and toward 
said distal end (120), said pivot post (130) having a 
pointed terminal end (132). 



Patentanspriiche 

1. System zum Verbinden von Gewebe oder Anbrin- 
gen einer implantierbaren Vorrichtung, wobei das 

s System eine Mehrzahl kontinuierlicher Schraub- 
wendel (10) aufweist, diejeweils ein distales Ende 
(22), ein proximales Ende (26) und einen ersten 
Schraubwendelabschnitt an dem distalen Ende 

(22) aufweisen, wobei das distale Ende (22) zum 
10 Durchstechen von Gewebe konfiguriert ist und das 

proximale Ende (26) zur Aufnahme und Gbertra- 
gung von Drehkraften konfiguriert ist; und 
einen Applikator (1 2) zum Anlegen von Drehkraften 
an das proximale Ende (26) der kontinuierlichen 
15 Schraubwendel (10), wobei der Applikator (12) ein 
Ratschenmittel (68, 70) aufweist, sodass auf einmal 
nur ein einzelner kontinuierlicher Schraubwendel 
(10) vollstandig aus dem Applikator (12) ausgege- 
ben werden kann. 

20 

2. System nach Anspruch 1 , worin der Applikator (1 2) 
einen distalen Abschnitt (34) und einen proximalen 
Abschnitt (28) enthalt, wobei der distale Abschnitt 
(34) konfiguriert ist, urn die Mehrzahl kontinuierli- 

25 cher Schraubwendel (1 0) zu halten und urn sequen- 
ziell jeden kontinuierlichen Schraubwendel (10) in 
Gewebe einzusetzen. 

3. System nach Anspruch 1 oder Anspruch 2, worin 
30 die kontinuierlichen Schraubwendel (1 0) langs kol- 

labierbar und expandierbar sind. 

4. System nach einem der vorhergehenden Ansprii- 
che, worin die distalen Enden (22) der kontinuierli- 

35 chen Schraubwendel (1 0) mit einer Spitze (24) kon- 
figuriert sind. 

5. System nach Anspruch 4, worin zwischen der Spit- 
ze (24) des ersten Schraubwendelabschnitts und 

40 einem benachbarten Wendelabschnitt eine Liicke 

(23) definiert ist, wobei die GroBe der Liicke varia- 
bel ist, urn eine gewiinschte Eindringtiefe und Stei- 
gung der kontinuierlichen Schraubwendel (10) in 
das Gewebe und eine Retentionsfestigkeit der kon- 

45 tinuierlichen Schraubwendel (10) in dem Gewebe 
zu erreichen. 

6. System nach einem der vorhergehenden Ansprii- 
che, worin die kontinuierlichen Schraubwendel (1 0) 

50 eine derartige Steifigkeit haben, dass eine Steigung 
(20) zwischen Wendeln durch den Applikator (12) 
variiert werden kann. 

7. System nach einem der vorhergehenden Ansprij- 
55 che, worin die kontinuierlichen Schraubwendel (1 0) 

zumindest einen Haken aufweisen, der in Riick- 
wartsrichtung vorsteht und nahe dem distalen Ende 
(22) angeordnet ist. 



20 
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8. System nach einem der vorhergehenden Ansprii- 
che, worin das proximale Ende (26) der kontinuier- 
lichen Schraubwendel (10) zu einer Querstange 
(33) konfiguriert ist, die sich langs einer Linie er- 
streckt, die ein Querschnittsprofil des kontinuierli- 
chen Schraubwendels (10) schneidet. 

9. System nach einem der Anspruche 1 bis 7, worin 
der kontinuierliche Schraubwendel eine kontinuier- 
liche Doppelhelix aufweist, die ein distales Ende 
(120), das an einer ersten Spitze (124) und einer 
zweiten Spitze (125) endet, ein proximales Ende 
(118), das eine Verbindungsstange (122) enthalt, 
sowie einen ersten Schraubenwendelasbchnitt 
(114) und einen zweiten Schraubenwendelab- 
schnitt (115) aufweist, wobei die ersten und zweiten 
Schraubenwendelabschnitte (114, 115) dem dista- 
len Ende (1 20) benachbart sind und den ersten und 
zweiten Spitzen (1 24, 1 25) zugeordnet sind und da- 
zwischen eine Lucke (1 1 2) definieren, und worin der 
Applikator (12) dazu ausgelegt ist. auf die Verbin- 
dungsstange Drehkrafte auszuiiben. 

10. System nach Anspruch 9, worin der kontinuierliche 
Doppelhelixwendel einen Schwenkpfosten (130) 
enthalt. der von der Verbindungsstange (122) und 
zu dem distalen Ende (120) hin absteht, wobei der 
Schwenkpfosten (130)einzugespitztes Schlussen- 
de (132) aufweist. 



Revendications 

1. Systeme pour ligaturer des tissus ou attacher un 
dispositif implantable, le systeme comportant une 
pluralite de spirales helicoi'dales continues (10) 
ayant chacune une extremite distale (22), une ex- 
tremite proximale (26) et une premiere section de 
spirale helicoi'dale a ladite extremite distale (22), la- 
dite extremite distale (22) etant configuree de fagon 
a percer un tissu et ladite extremite proximale (26) 
etant configuree de fagon a recevoir et translater 
des forces de rotation ; et 

un applicateur (12) destine a appliquer des 
forces de rotation a ladite extremite proximale (26) 
desdites spires helicoi'dales continues (10), ledit 
applicateur (12) comprenant des moyens d'encli- 
quetage (68, 70) afin qu'une seule spirale helicoi'- 
dale continue (10) a la fois puisse etre totalement 
ejectee de I'applicateur (12). 

2. Systeme selon la revendication 1 , dans lequel ledit 
applicateur (12) comprend une partie distale (34) et 
une partie proximale (28), ladite partie distale (34) 
etant configuree de fagon a retenir ladite pluralite 
de spirales helicoi'dales continues (10) et a de- 
ployer sequentiellement chaque spirale helicoi'dale 
continue (10) dans le tissu. 



3. Systeme selon la revendication 1 ou la revendica- 
tion 2, dans lequel lesdites spirales helicoi'dales 
continues (10) peuvent etre resserrees et expan- 
sees longitudinalement. 

5 

4. Systeme selon I'une quelconque des revendica- 
tions precedentes, dans lequel lesdites extremites 
distales (22) desdites spirales helicoi'dales conti- 
nues (10) sont configurees en une pointe (24). 

10 

5. Systeme selon la revendication 4, dans lequel un 
espace (23) est defini entre ladite pointe (24) de la- 
dite premiere section de spirale helicoi'dale et une 
section de spirale adjacente, la grandeur dudit es- 

15 pace etant variable pour obtenir une profondeur 
souhaitee de penetration et un pas desdites spira- 
les helicoi'dales continues (10) dans le tissu et une 
force de retenue desdites spirales helicoi'dales con- 
tinues (10) dans le tissu. 

20 

6. Systeme selon I'une quelconque des revendica- 
tions precedentes, dans lequel lesdites spirales he- 
licoi'dales continues (10) ont une raideur telle que 
ledit applicateur (1 2) puisse faire varier un pas (20) 

25 entre les spires. 

7. Systeme selon I'une quelconque des revendica- 
tions precedentes, dans lequel lesdites spirales he- 
licoi'dales continues (10) comprennent au moins un 

30 ardillon faisant saillie dans une direction opposee 
et positionne a proximite de ladite extremite distale 
(22). 

8. Systeme selon I'une quelconque des revendica- 
35 tions precedentes, dans lequel ladite extremite 

proximale (26) desdites spirales helicoi'dales conti- 
nues (1 0) est configuree en une barre en T (33) qui 
s'etend suivant une ligne coupant un profil en sec- 
tion transversale de ladite spirale helicoi'dale conti- 
40 nue(10). 

9. Systeme selon I'une quelconque des revendica- 
tions 1 a 7. dans lequel lesdites spirales helicoida- 
les continues comprennent une helice double con- 

45 tinue ayant une extremite distale (1 20) se terminant 
par une premiere pointe (1 24) et une seconde poin- 
te (1 25), une extremite proximale (118) comprenant 
une barre de liaison (122) et une premiere section 
(114) de spirale helicoi'dale et une seconde section 

50 (11 5) de spirale helicoi'dale, lesdites premiere et se- 
conde sections (114, 115) de spirale helicoi'dale 
etant adjacentes a ladite extremite distale (120) et 
etant associees auxdites premiere et seconde poin- 
tes (124, 125) et definissant entre elles un espace 

55 (112), et dans lequel I'applicateur (12) est congu 
pour pouvoir appliquer des forces de rotation a la- 
dite barre de liaison. 
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10. Systeme selon la revendication 9, dans lequel les- 
dites spirales helicoi'dales doubles continues com- 
prennent une colonnette (130) formant pivot s'eten- 
dant depuis ladite barre de liaison (122) et vers la- 
dite extremite distale (120), ladite colonnette (130) s 
formant pivot ayant une extremite terminale pointue 
(132). 
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(54) Controlled deployment delivery system 

(57) A controlled stent-graft deployment delivery 
system (10 50 or 900) Includes a stent-graft (30 or 63), 
a retractable primary sheath (40) containing the stent- 
graft in a first constrained diameter configuration, an 
outer tube (18) within the retractable primary sheath and 
within the stent-graft, and an inner tube (20) within the 
outer tube, where the inner tube and the outer tube both 
axially move relative to the retractable primary sheath 



and to each other. The system further includes a cap 
(1 5) coupled to a distal end of the inner tube and con- 
figured to retain at least a portion of a proximal area of 
the stent-graft in a radially compressed configuration. A 
distal assembly (100) provides controlled relative axial 
movement between the outer tube and the inner tube 
enabling the release of the proximal end (65, 67, 68, and 
69) of the stent-graft from the cap and from the radially 
compressed configuration. 
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Description 

[0001] This application is a continuation in part of pro- 
visional application serial number 60/387,278 filed on 
06/07/2002 and hereby claims priority therefrom. 
[0002] This invention relates generally to medical de- 
vices and procedures, and more particularly to a method 
and system of deploying a stent-graft in a vascular sys- 
tem. 

[0003] Prostheses for implantation in blood vessels or 
other similar organs of the living body are, in general, 
well known in the medical art. For example, prosthetic 
vascular grafts formed of biocompatible materials (e.g., 
Dacron or expanded, porous polytetrafluoroethylene 
(PTFE) tubing) have been employed to replace or by- 
pass damaged or occluded natural blood vessels. A 
graft material supported by framework is known as a 
stent-graft or endoluminal graft. In general, the use of 
stent-grafts for treatment or isolation of vascular aneu- 
rysms and vessel walls which have been thinned or 
thickened by disease (endoluminal repair or exclusion) 
are well known. Many stent-grafts, are "self-expanding", 
i.e., inserted into the vascular system in a compressed 
or contracted state, and permitted to expand upon re- 
moval of a restraint. Self-expanding stent-grafts typical- 
ly employ a wire or tube configured (e.g. bent or cut) to 
provide an outward radial force and employ a suitable 
elastic material such as stainless steel or Nitinol (nickel- 
titanium). Nitinol may additionally employ shape mem- 
ory properties. The self-expanding stent-graft is typical- 
ly configured in a tubular shape of a slightly greater di- 
ameter than the diameter of the blood vessel in which 
the stent-graft is intended to be used. In general, rather 
than inserting in a traumatic and invasive manner, stents 
and stent-grafts are preferably deployed through a less 
invasive intraluminal delivery, i.e., cutting through the 
skin to access a lumen or vasculature or percutaneously 
via successive dilatation, at a convenient (and less trau- 
matic) entry point, and routing the stent-graft through 
the lumen to the site where the prosthesis is to be de- 
ployed. 

[0004] Intraluminal deployment in one example is ef- 
fected using a delivery catheter with coaxial inner 
(plunger) and outer (sheath) tubes arranged for relative 
axial movement. The stent graft is compressed and dis- 
posed within the distal end of an outer catheter tube in 
front of an inner tube. The catheter is then maneuvered, 
typically routed though a lumen (e.g., vessel), until the 
end of the catheter (and the stent-graft) is positioned in 
the vicinity of the intended treatment site. The inner tube 
is then held stationary while the outertube of the delivery 
catheter is withdrawn. The inner tube prevents the stent- 
graft from moving back as the outer tube is withdrawn. 
As the outertube is withdrawn, the stent graft is gradu- 
ally exposed from a proximal end to a distal end of the 
stent graft, the exposed portion of the stent-graft radially 
expands so that at least a portion of the expanded por- 
tion is in substantially conforming surface contact with 



a portion of the interior of the lumen e.g., blood vessel 
wall. The proximal end of the stent-graft is the end clos- 
est to the heart whereas the distal end is the end furthest 
away from the heart during deployment. In contrast and 

s of note, the distal end of the catheter is usually identified 
to the end that is farthest from the operator while the 
proximal end of the catheter is the end nearest the op- 
erator. Depending on the access location the stent graft 
and delivery system description may be consistent or 

10 opposite. Logic should prevail to understand the de- 
scription of an actual systems below. 
[0005] Many self expanding stent-graft deployment 
systems are configured to have the proximal end of the 
stent-graft deploy as the outer tube or sheath is pulled 

15 back. The proximal end of the stent-graft is typically de- 
signed to fixate and seal the stent graft to the wall of the 
vessel during deployment. Such a configuration leaves 
little room for error in placement since re-positioning the 
stent-graft after initial deployment, except for a minimal 

20 pull down retraction, is usually difficult if possible at all. 
Deploying the proximal end of the stent-graft first makes 
accurate pre-deployment positioning of the stent-graft 
critical 

[0006] One attempt to overcome this problem by W. 

25 L. Gore utilized a flexible jacket that deploys the stent- 
graft with a ripcord that opens the jacket along the lon- 
gitudinal axis of the flexible jacket, e.g., U.S. Patent 
6,315,792. Unfortunately, this method introduced a sep- 
arate non-integrated sheath into the system into the 

30 femoral artery and further failed to provide the desired 
control during deployment. Other stent-graft delivery 
systems have also attempted to confine the proximal 
end of the stent-graft, but generally fail to provide ade- 
quate control in manipulating the stent-graft positioning 

35 in both the initial deployment of the stent graft and the 
re-deployment of the stent-graft (once the stent-graft 
has been partially deployed). Another problem encoun- 
tered with existing systems, particularly with systems 
that have a distal end of a stent-graft fixed during de- 

40 ployment (or during the uncovering of a sheath) is the 
frictional forces that can cause the stent-graft to axially 
compress or bunch up as the sheath is retracted. This 
bunching increases the density of the stent-graft within 
the sheath and can further increase the frictional drag 

45 experienced during deployment. Thus, a need exists for 
a method and deployment system that enables partial 
deployment of a stent-graft while constraining a proxi- 
mal end of the stent-graft, provides adequate control to 
enable re-deployment of the stent-graft in various di- 
sc mensionsandfurtherreducesdeploymentforces during 
advancement of the stent-graft. 
[0007] The present invention intends to overcome at 
least some of the above problems. The object is solved 
by the controlled stent-graft deployment delivery system 

55 according to independent claims 1 , 7, 1 9 and 22 and the 
method for controlled deployment of a stent-graft ac- 
cording to independent claim 16. 
[0008] Further advantages, features, aspects and de- 
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tails of the invention are evident from the dependent 
claims, the description and the accompanying drawings. 
[0009] The present invention generally relates to 
medical devices and processes. In particular it relates 
to a method and system of deploying a stent-graft in a 
vascular system. More specifically, the present inven- 
tion relates to controlled stent-graft deployment delivery 
system. 

[0010] In a first aspect according to the present inven- 
tion, a controlled stent-graft deployment delivery system 
includes a stent-graft, a retractable primary sheath con- 
taining the stent-graft in a first constrained diameter 
configuration, an outertube within the retractable prima- 
ry sheath and within the stent-graft, and an inner tube 
within the outertube, where the inner tube and the outer 
tube both move axially relative to the retractable primary 
sheath and to each other. The system further includes 
a cap coupled to a distal end of the inner tube and con- 
figured to retain at least a portion of a proximal end of 
the stent-graft in a radially compressed configuration. A 
controlled relative axial movement between the outer 
tube and the inner tube releases the proximal end of the 
stent-graft from the cap and from the radially com- 
pressed configuration. 

[0011] Preferably, the controlled stent-graft deploy- 
ment delivery system can have a cap formed from a 
shroud portion in a flexible tapered tip coupled at the 
distal end of the inner tube and further include a thread- 
ed collar coupled to the innertube and a mating thread- 
ed shaft coupled to the outertube that enables the rel- 
ative axial movement between the inner tube and the 
outer tube for controlled deployment of the stent-graft. 
The system can further include a proximal lock attached 
to the outer tube, wherein the stent-graft has a zig zag 
shaped radially expanding proximal spring at the proxi- 
mal end of the stent-graft. The apices of the spring at 
one end remain latched onto the proximal lock in the 
radially compressed configuration while the spring's end 
remains captured within the cap. The proximal lock can 
further include a plurality of ribs or splines for retaining 
the plurality of apices of the proximal spring of the stent- 
graft. 

[0012] In a second aspect according to the present 
invention, a controlled stent-graft deployment delivery 
system includes a retractable primary sheath, an outer 
tubewithinthe retractable primary sheath, an innertube 
within the outertube that can move axially relative to the 
outertube, and a cap coupled to a distal end of the inner 
tube. The system can further include a retention mech- 
anism attached to the outertube for retaining a proximal 
end of a stent-graft in a constrained diameter configu- 
ration while remaining within the cap while still enabling 
axial and radial movement of the stmt-graft. 
[0013] In a third aspect according to the present in- 
vention, a method for controlled deployment of a stent- 
graft includes the steps of constraining a proximal end 
of a stent-graft radially under a cap while partially de- 
ploying a remaining portion of the stent-graft, evaluating 



and adjusting as necessary at least one of the axial and 
radial positions of the stent-graft after the partial deploy- 
ment of the remaining portion, and releasing the proxi- 
mal area of the stent-graft by minimal controlled coaxial 
s movement between the cap and a tube retaining the 
stent-graft within the cap. 

[0014] The invention is also directed to apparatus for 
carrying out the disclosed methods and including appa- 
ratus parts for performing each described method steps. 
10 Furthermore, the invention is also directed to methods 
by which the described apparatus operates. It includes 
method steps for carrying out every function of the ap- 
paratus. 

[0015] The invention will be better understood by ref- 
15 erence to the following description of embodiments of 
the invention taken in conjunction with the accompany- 
ing drawings, wherein 

[0016] FIG. 1 is a partial cross sectional view of a 
stent-graft deployment delivery system without a stent- 
20 graft and outer sheath in accordance with the present 
invention. 

[0017] FIG. 2 is a close up schematic cross sectional 
view of the deployment delivery system of FIG. 1 having 
a stent-graft loaded within an outer sheath. 

25 [0018] FIG. 3 is a close up schematic cross sectional 
view of the deployment delivery system of FIG. 2 show- 
ing partial deployment of the proximal portion of the 
stent graft as proximal end of the stent-graft remains 
constrained while the distal end of the stent graft re- 

30 mains loaded in its outer sheath. 

[0019] FIG 3A is a partial cross sectional view of the 
stent graft shown in Fig. 3, but without the distal end of 
the catheter and retaining shaft which is shown in Figure 
3. 

35 [0020] Fig. 3B is an oblique view of a stent of the type 
to be deployed in a delivery mechanism as shown in Fig. 
3. 

[0021] FIG. 4 is a partial cross sectional view of the 
stent-graft deployment delivery system of FIG. 1 with the 

40 proximal end of the stent-graft deployed. 

[0022] FIG. 5 is a partial cross sectional view of an- 
other stent-graft deployment delivery system with a 
proximal spring crowns constrained within a cap. 
[0023] FIG. 5A shows a revised position of the end of 

45 the stent graft delivery system shown in FIG 5 where the 
proximal lock catch is shown engaged with the back- 
plate so that premature release does not occur during 
shipping and delivery prior to an operator's positioning 
the stent graft at its intended delivery location. 

50 [0024] FIG. 6 illustrates the stent-graft deployment 
delivery system of FIG. 5 with the plurality of proximal 
spring crowns released from under the cap. 
[0025] FIG. 7 illustrates a proximal lock sub-assembly 
that can be used with a stent-graft deployment delivery 

55 system. 

[0026] FIG. 8 is a cross sectional schematic diagram 
illustrating a spinning collar actuation assembly used in 
conjunction with a stent-graft deployment delivery sys- 
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tern. 

[0027] FIG. 9 is a schematic diagram illustrating a 
stent-graft deployment delivery system in accordance 
with the present invention. 

[0028] FIGS. 1-4 show portions of a stent-graft de- 
ployment delivery system 10. The vertical dashed line 
provides a reference line to provide correlation between 
the FIGs. to a common location related to the position 
of the end spring of the stent graft as elements of the 
delivery system are manipulated to at first partially de- 
ploy and then fully deploy the proximal end of the stent 
graft 30. 

[0029] FIG. 1 illustrates the distal tapered tip portion 
of the delivery system 10 alone without a stent-graft 
while FIGS. 2-4 show close up views of the deployment 
delivery system tip portion loaded with a stent-graft 30, 
with progressive figures showing deployment from with- 
in a retractable primary sheath 40. This system could 
also deploy a stent alone or some other form of endo- 
prosthesis. The subsequent use of "stent-graft" herein 
should be understood to include other forms of endo- 
prosthesis. 

[0030] A configuration of the stent-graft deployment 
system 10 includes a tapered tip 12 that is flexible and 
able to provide trackability in tight and tortuous vessels. 
The tapered tip 12 can include a lumen 14 allowing for 
passage of a guidewire for example. Other tip shapes 
such as bullet-shaped tips could also be used. 
[0031] The retractable primary sheath 40 (preferably 
made of a semi-rigid material such as PTFE) in an un- 
retracted position contains the stent-graft 30 in a first 
constrained diameter configuration as shown in FIG. 2. 
An outer tube 1 8 is located within the retractable primary 
sheath 40 and within the stent-graft 30 as shown in FIGs 
1 and 4. An inner tube 20 within the outer tube 1 8 serves 
as a guidewire lumen. The inner tube 20 and the outer 
tube 1 8 can move along the longitudinal axis relative to 
each other and can also move along the longitudinal ax- 
is relative to the retractable primary sheath. A cap 15 is 
coupled to a distal area or end portion 11 of the inner 
tube 20 and is further configured to retain at least a por- 
tion of a proximal end of the stent-graft 30 in a radially 
compressed configuration. Actuating members at the 
operator's end of the catheter create a relative force in 
an axial direction to provide a controlled relative axial 
movement between the outertube 1 8 and the inner tube 
20 to precisely control the release of the proximal end 
of the stent-graft (such as proximal springs) from the cap 
and from the radially compressed configuration. 
[0032] FIG. 2 illustrates the system 1 0 with the stent- 
graft 30 loaded in the delivery system. The stent graft is 
located within the retractable primary sheath 40 in a pre- 
deployment un-retracted position. 
[0033] FIG. 3 illustrates the system 10 with the sheath 
40 partially retracted. The proximal end (tip) of the stent- 
graft 30 is constrained while a proximal portion of the 
stent-graft 30 (that is now exposed due to the partial re- 
traction of the sheath 40) between the end of the sheath 



40 and the constrained proximal end (tip) is partially de- 
ployed, which allows longitudinal repositioning of the 
stent graft before releasing the proximal end (the re- 
lease of the proximal end of the stent graft prevents re- 

s positioning of the stent graft in a direction toward the 
proximal end of the stent graft, while depending on the 
degree of expansion and contact between the stent graft 
and the wall of the vessel in which the stent graft is being 
deployed, some pull down (movement toward the distal 

10 end of the stent graft) of the stent graft is possible. 
[0034] FIG. 3A is a selected partial schematically con- 
sistent view of the phase of stent graft deployment 
shown in Fig. 3, where the distal end of the catheter and 
retaining shaft are not included, for clarity. In FIG 3A the 

15 sheath appears to be farther retracted, and the size pro- 
portion, while not fully consistent with FIG 3, is never- 
theless schematically consistent. In this figure it can be 
seen that deployment of the stent graft can be halted 
and the stent graft repositioned, rotated or moved in ei- 

20 ther direction axially without great a substantial risk of 
damaging the walls of the vessel. 
[0035] In FIG. 4 the proximal end of the stent-graft 30 
is shown as having been deployed by the controlled rel- 
ative axial movement between the innertube20 andthe 

25 outertube 18. In particular, as shown in FIGs. 1-4, an 
end cap 15 containing the proximal apices of the end 
spring of the stent graft can be formed from a shroud 
portion of the tapered tip 12 which is coupled to the distal 
end of the outer tube 18. Within the shroud portion 

30 (formed by tubular body portion 16 of the tapered tip 12) 
preferably resides a back plate 17 coupled to a distal 
portion or end of the outertube 1 8 that serves as a prox- 
imal stop for the stent-graft 30. The tubular body portion 
16 of the shroud portion may also include a support (re- 

35 inforcing) ring 13 near the proximal end of the tapered 
tip 12 to provide additional rigidity to the cap and pre- 
vents the cap shroud portion 16, which is preferably 
made of a plastic material from stretching (or distorting) 
in diameter. This configuration thereby prevents prema- 

40 ture release of the of the proximal end of the stent graft 
constrained by the cap (premature stretching could cre- 
ate a gap large enough for the restrained members of 
the stent graft to spring loose. Additionally, a proximal 
lock (retainer) 22 is also coupled to a distal portion of 

45 the outertube 18. The proximal lock 22 preferably in- 
cludes at least one or a plurality of ribs (or splines) 23 
that can together with the shroud portion 1 6 serve as an 
axial constraint for the end stent-graft 30. The proximal 
end (or the proximal springs 31 , 32, and 33) of the stent- 

50 graft 30 cannot deploy until the proximal end of the ribs 
of the proximal lock clear the end of the shroud portion 
16 of the tip. 

[0036] A stent-graft can include a polyester or Dacron 
material (forming the graft material 34 (Fig 3B)) sewn to 
55 a Nitinol support structure35 using polyester sutures. In 
one example, a Nitinol wire is used to form a skeletal 
structure 35 that provides support, strength and stability 
to the stent-graft. The stent-graft can also have a sup- 
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port member (crown stent or spring 36) on the proximal 
end of the stent-graftthat is left mainly uncovered by the 
graft material. The uncovered portion will typically have 
a zig zag like pattern with a predetermined number of 
apices protruding up. The apices form the extreme end 
of what is known as the proximal spring (or crown spring 
36) of thestent-graft. 

[0037] As shown in FIGs. 1 -3, the gap 1 9 between the 
backplate 1 7 and the proximal lock 22 is preferably de- 
signed to hold the protruding apices of the proximal 
spring. The apices straddle the ribs 23 of the proximal 
lock 22 and remain trapped between the back plate and 
the proximal lock until the relative movement between 
the outer tube 1 8 and the inner tube 20 exposes the gap 
19 and releases the apices 31-33 of the proximal spring 
as shown in FIG. 4. In other words, the apices 31-33 
cannot release from the ribs 23 on the proximal lock 22 
while the apices remain within the shroud portion 15. 
When the inner tube 20 and tapered tip 1 2 assembly are 
advanced forward exposing the proximal lock 22, the 
apices of the proximal spring release from the respec- 
tive ribs 23 of the proximal lock 22. The release results 
in the deployment of the proximal end of the stent-graft 
30 as shown in FIG. 4. Note that while the apices of the 
proximal spring remain in gap 19 and within the cap or 
shroud portion of the tapered tip 12, the whole of the 
proximal spring remains axially (longitudinally) con- 
strained as well as radially constrained. The support ring 
1 3, usually made of metal, helps prevent the radial force 
of the proximal springs from distorting the shape of the 
tapered tip and particularly the shroud portion of the ta- 
pered tip. 

[0038] Close up schematic plan views of another 
stent-graft deployment delivery system 50 are shown in 
FIGs. 5 and 6. FIG. 5 illustrates a plurality of proximal 
spring apices 65, 67 and 69 (68 is hidden in this view) 
of a stent-graft 63 constrained within a cap or shroud 
portion 55 of a tip 52. The cap or shroud portion 55 can 
be formed from the tube section 54 which can further 
include support ring 56. 

[0039] FIG. 5A illustrates the backplate 57 in engage- 
ment with the inner tube assembly's proximal lock catch 
64. The proximal lock catch 64 is a plate or bar which 
spans the end of the backplate 57 and has two engage- 
ment hooks to engage with engagement hook receiving 
slots or channels in the backplate 57. Two offset partial 
cross sectional views of these slots or channels can be 
seen on the right and left sides of the backplate 57 
shown in FIG. 5A. The left side shows the left side pro- 
trusion from the lock catch 64 engaged in the slot and 
prevented from release by a slot lip. while the right side 
shows an angularly offset cross section (not diametri- 
cally opposite the left side) where the slot or channel is 
open and the slot lip is absent. The release of the catch 
64 from engagement with the backplate, can be per- 
formed by a rotational motion by having an obliquely 
shaped slot similarto the channel as more precisely pic- 
tured in FIG. 7, below. Or by initiating a relative rotational 



motion between the inner and outer tubes. While the 
proportions shown in the Figures are not consistent with 
the type of arrangement shown in FIG. 7, a person 
skilled in the art will recognize the schematic nature of 

s the items presented in FIGs. 5, 5A, and 6, and under- 
stand that the proportions can be changed to include the 
functional engagement and disengagement action be- 
tween the inner and outer tubes as presented and dis- 
cussed for FIG. 7. 

10 [0040] FIG. 6 illustrates another close up view of the 
stent-graft deployment delivery system 50 with the plu- 
rality of proximal spring apices 65, 67, 69 and 68 re- 
leased from under the cap. As in system 10 described 
in FIGs 1-4, the stent-graft deployment delivery system 

15 50 includes an outer tube 60 coupled to both a backplate 
57 and a proximal lock 62 having a plurality of ribs 61 , 
an inner tube 59 (within the outer tube 60) coupled to 
the tip 52, and a proximal lock catch 64 connected to 
the tip 52. When the inner tube 59 and tip 52 to which it 

20 is fixed are advanced forward exposing the proximal 
lock 62, the apices 65, 67, 69 and 68 of the proximal 
spring are release from the respective ribs (e.g., 61) of 
the proximal lock 62. The release results in the deploy- 
ment of the proximal end of the stent-graft 63 as shown 

25 in FIG. 6. 

[0041] While the apices 65, 67, 69 and 68 of the prox- 
imal spring are held in the gap between the backplate 
and proximal lock and within the cap or shroud portion 
of the tapered tip 52, the whole of the proximal spring 

30 remains axially constrained as well as radially con- 
strained. The support ring 56, as previously explained 
helps prevent the radial force of the proximal springs 
from distorting the shape of the tip and particularly the 
shroud portion of the tip. 

35 [0042] Now referring to FIG. 7, a perspective view of 
a proximal lock assembly 70 is shown including an inner 
tube 72 within an outer tube 74, a proximal lock 75, a 
backplate 78 and a proximal lock catch 80. The inner 
tube 72 is attached to the proximal lock catch 80 at a 

40 distal end of the inner tube 72. The proximal lock catch 
80 can be connected to a tip of a stent-graft delivery 
system as previously shown schematically in FIGs. 5 
and 6. The inner tube 72 further serves as a guidewire 
(not shown) lumen. The backplate 78 is attached at a 

45 distal end of the outer tube 74 with the proximal lock 75 
being attached near the distal end of the outer tube 74 
as shown. The backplate 78 serves as a proximal stop 
(preventing the stent graft from moving with the shroud 
and tip assembly when the shroud (cap) is moved tor- 
so ward to release the apices of the proximal spring) for a 
stent-graft (not shown) and preferably includes at least 
one channel 79. The proximal lock catch 80 can include 
at least one post 82 that rides in the channel 79 (dis- 
posed at an oblique angle with respect to the longitudi- 

55 nal axis of the stent graft and catheter, thechannel (slot) 
being closed at the proximal end and open at the oppo- 
site end) of the backplate 78. With this arrangement, the 
proximal lock 75 cannot separate from the tip (and catch 
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80) (because of the closed proximal end of the channel) 
until the post or posts 82 are moved distal ly so that the 
end(s) of the posts (e.g. , 82) are expelled from and clear 
the end of the channel or channels 79 so they no longer 
prevent proximal motion of the tip relative to the proximal 
lock 75. To release the catch 80, the proximal lock 75 
and tip (or catch 80) must be forced together (or com- 
pressed) (the actuation mechanism actually has to be 
moved (turned) in the opposite direction to motion used 
for normal deployment), which is opposite the force that 
is provided during the normal deployment motion (a sep- 
aration force). The clearing is accomplished by pulling 
(using the threaded deployment relative motion mech- 
anism of the catheter described below) the inner tube 
72 axially with respect to the outer tube so that the post 
82 is forced out of the chan nel in the backplate and com- 
pletely disengages (or escapes) the channel 79 in the 
backplate 78. Once a user compresses the tip (or catch 
80) and proximal lock 75 releasing the catch 80 from the 
backplate 78, the proximal lock can be advanced out of 
the shroud portion of the tip. The distal mechanism for 
actuating the relative coaxial movement of the inner 
tube 72 and outer tube 74 (and the respective compo- 
nents of the assembly 70 respectively attached thereto) 
will become apparent with the description of FIGs. 8 and 
9. Such an assembly prevents premature deployment 
and reduces the likelihood of an unintentional deploy- 
ment of a stent-graft, This arrangement also prevents 
any elongation forces the deployment system could ex- 
perience during tracking and/or deployment which could 
cause premature deployment. 
[0043] The proximal lock 75 preferably includes a 
number of contoured ribs 76 about the periphery of the 
proximal lock 75. The number of ribs will ideally depend 
on the number of apices in a proximal spring of a stent- 
graft (not shown) although the present invention is not 
necessarily limited thereto. The contouring of the ribs 
76 aid in the loading of the apices of the proximal spring 
onto the proximal lock (by providing an inclined surface 
such that a proximal end spring constrained in a fixture 
to a cylindrical shape can be mounted over the thin di- 
ameter end of the contour and then forced toward the 
wide end so that the contoured shape proximal lock is 
acting as an expansion mandrel, allowing the apices of 
the proximal spring to be forced past the wide end and 
be engaged by the end of the contoured splines, then 
the shroud can be introduced overthe now proximal lock 
engaged apices of the proximal spring of the stent graft) 
and the wide end of the contoured splines further pro- 
viding an axial constraint for the proximal end of the 
stent-graft until deployment when the proximal lock 
clears the shroud section of the tip as previously ex- 
plained with respectto FIGS 1-6. The relative movement 
between the inner tube 72 and the outer tube 74 will 
cause the release of the proximal end (proximal springs) 
of the stent-graft. The contoured surface of the proximal 
lock also provides an advantage after the proximal end 
of the stent graft is released and the stent graft is fully 



deployed, such that the taper of the outer surface makes 
it easier to retract the catheter tip back into the sheath, 
the contoured outer surface once the small diameter 
end begins access to the end of the sheath, acts as a 
s guide to channel the sheath to coaxially surround the 
tip, so that contact and damage to vascular internal sur- 
faces is minimized as the tip is retracted within the 
sheath. 

[0044] Now referring to FIG. 8, a schematic diagram 

10 of a distal assembly or a spinning collar actuation as- 
sembly 100 is shown illustrating the controlled relative 
axial movement of an inner tube (e.g., 102) to an outer 
tube (e.g., 104). The assembly 100 preferably includes 
a luer 112 and spindle 110 attached to the inner tube (e. 

15 g., 102), a threaded shaft 108 and handle 114 coupled 
to the outer tube (e.g., 1 04), and a collar 1 06. The collar 
106 can be attached to the inner tube (e.g., 102) and 
yet also spin in relation to the luer 112. In this configu- 
ration, the inner tube 102 can advance axially in relation 

20 to the outer tube 104 by screwing or spinning the collar 
106 down or across the threaded shaft 108. The thread- 
ed shaft 108 can be similar to the threaded portion of a 
Touchy Borst connector commonly used in catheters. 
The assembly 100 provides a simple mechanism by 

25 twisting or spinning for release (or activation) of the ap- 
ices of or the proximal spring of a stent graft during de- 
ployment. 

[0045] A schematic diagram of a stent-graft deploy- 
ment delivery system 900 including a tip 952 (coupled 

30 to an inner tube 961) having a cap or shroud portion 
formed from a tube section 954, an outer tube 960 cou- 
pled to both a backplate 957 and a proximal lock 962, 
as well as a distal assembly or a spinning collar actua- 
tion assembly is shown in FIG. 9. The distal assembly 

35 provides controlled relative axial movement of the inner 
tube 961 with respect to the outer tube 960 and prefer- 
ably includes a luer 91 2 and spindle 91 0 attached to the 
innertube 961 , a threaded shaft 908 coupled to the outer 
tube 960, and a collar 906. The collar 906 can be at- 

40 tached to the innertube 961 and yet also spin in relation 
to the luer 91 2. In this configuration, the inner tube 961 
can advance axially in relation to the outer tube 960 by 
screwing or spinning the collar 906 down or across the 
threaded shaft 908. Note that a sheath and stent-graft 

45 are not shown in FIGs 8 and 9 and the sheath and it 
actuation mechanism and handle (not shown) are locat- 
ed around the inner and outer tubes as previously de- 
scribed between the stent graft proximal spring apices 
actuation handle (mechanism) and the tip of the catheter 

so where the stent graft is deployed. 

[0046] When treating Abdominal Aortic Aneurisms 
(AAA), for example, there are several anatomical chal- 
lenges when advancing a stent-graft deployment sys- 
tem or device and appropriately placing the stent-graft 

55 itself. A major challenge is encountered in the region of 
the aortic bifurcation (this typically includes the femoral, 
external iliac, and common iliac arteries). Existing stent- 
graft delivery systems that deploy from a distal end of 
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the stent-graft fail to provide sufficient options for re- 
alignment once the stent-graft is even partially de- 
ployed. Existing stent-graft delivery systems that deploy 
from a proximal end of the stent-graft fail to provide ad- 
equate control in the eventual release of the proximal 
end of the stent-graft. Stent-grafts that require align- 
ment of ports with branch arteries can use the re-de- 
ployment capabilities and the controlled release mech- 
anisms of the present invention to a great advantage. 
Since the system of the present invention constrains the 
proximal end of the stent-graft radially while allowing the 
middle and/or distal portions of the stent-graft to deploy 
first, the stent-graft can be repositioned both axially and 
radially by preventing the stent-graft from fixating itself 
to a vessel, even when partially deployed. 
[0047] Stent-grafts that require alignment with branch 
arteries can have the middle or port areas of the stent- 
graft release first. The stent-graft can be realigned so 
that all ports are properly aligned before releasing the 
proximal end of the stent-graft. The proximal end of the 
stent-graft is also axially constrained which enables the 
delivery system to maintain the position of the stent-graft 
during the full deployment sequence event if the stent- 
graft has little or no axial support. Since the present in- 
vention fixes the proximal end of the stent-graft during 
deployment while the sheath is withdrawn, the frictional 
forces between the stent-graft and sheath cause the 
stent-graft to be held under a tensile load. While under 
a tensile load, the density of the stent-graft and the com- 
pressive forces within the sheath are reduced, Addition- 
ally, using the design of the present invention, deploy- 
ment forces can be further reduced by removing sup- 
ports (such as connecting bars) in the stent-graft since 
such supports would no longer be needed for deploy- 
ment. 

[0048] Additionally, the description above is intended 
by way of example only and is not intended to limit the 
spirit and scope of the invention and it equivalent as un- 
derstood by persons skilled in the art. 



tion of a proximal portion of the stent-graft in a 
radially compressed configuration, wherein a 
controlled relative axial movement between the 
outer tube and the inner tube releases the prox- 
5 imal end of the stent-graft from the cap and from 

the radially compressed configuration. 

2. The controlled stent-graft deployment delivery sys- 
tem of claim 1 , wherein the cap is a shroud portion 

10 of a flexible tapered tip (1 2) fixed to the distal end 
of the inner tube. 

3. The controlled stent-graft deployment delivery sys- 
tem of any of claims 1 to 2, wherein a threaded 

15 collar coupled to the inner tube and a mating thread- 
ed shaft coupled to the outer tube enables the rel- 
ative axial movement between the inner tube and 
the outer tube for controlled deployment of the 
stent-graft. 

20 

4. The controlled stent-graft deployment delivery sys- 
tem of any of claims 1 to 3 further comprising a 
proximal lock (22; 62;75) attached to the outer tube, 
wherein the stent-graft has a plurality of proximal 

25 spring apices at the proximal end of the stent-graft 
that remain latched onto the proximal lock in the ra- 
dially compressed configuration while the plurality 
of spring apices remain within the cap. 

30 5. The controlled stent-graft deployment delivery sys- 
tem of claim 4, wherein the proximal lock further 
comprises a plurality of ribs (23; 61 ; 76) for retaining 
a plurality of apices of the proximal spring of the 
stent-graft. 

35 

6. The controlled stent-graft deployment delivery sys- 
tem of claim 5, wherein the plurality of ribs are each 
tapered to aid in the process of re-introducing the 
proximal lock into the retractable primary sheath af- 
40 ter deployment of the stent-graft. 



1 . A controlled stent-graft deployment delivery system 
10; 50; 900), comprising: 

a stent-graft (30; 63); 

a retractable primary sheath (40) containing 
said stent-graft in a first constrained diameter 
configuration; 

an outertube (18; 60) within the retractable pri- 
mary sheath and within the stent-graft; 
an inner tube (20; 59) within the outer tube, 
wherein the inner tube and the outer tube both 
axially can move relative to the retractable pri- 
mary sheath and to each other; 
a cap (15; 55) coupled to a distal end of the in- 
ner tube and configured to retain at least a por- 



7. A controlled stent-graft deployment delivery sys- 
tem, comprising: 

45 a retractable primary sheath 40); 

an outertube (18; 60)within the retractable pri- 
mary sheath; 

an inner tube (20; 59) within the outer tube, 
wherein the inner tube can move axially relative 
so to the outertube; 

a cap (1 5; 55)axially fixed to a distal end of the 
inner tube; and 

a retention mechanism attached to the outer 
tube for retaining a proximal end of a stent-graft 
55 in a constrained diameter configuration while 

the end of the stent graft is still located within 
the cap while still enabling axial and radial 
movement of the stent-graft. 
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8. The controlled stent-graft deployment delivery sys- 
tem of claim 7, wherein the retention mechanism 
enables a partial deployment of a remaining distal 
portion of the stent-graft while maintaining the prox- 
imal end of the stent-graft in the constrained diam- 
eter configuration 

9. The system of any of claims 7 to 8, wherein reten- 
tion mechanism comprises a proximal lock (22;62) 
fixed to the outer tube. 

10. The system of any of claims 7 to 9, wherein the cap 
is formed from a shroud portion of a tapered tip cou- 
pled to the distal end of the inner tube. 

11. The system of claim 9, wherein the proximal lock 
includes a plurality of ribs (23; 61) for retaining a 
plurality of apices of the proximal spring of the stent- 
graft. 

12. The system of any of claims 7 to 11, wherein the 
system further comprises means for controlled co- 
axial movement of the inner tube relative to the out- 
er tube. 

13. The system of claim 12, wherein the means for con- 
trolled coaxial movement comprises a spinning col- 
lar attached to the inner tube that causes a proximal 
lock to move in and out of the shroud portion of the 
tip by advancing along a threaded member at- 
tached to the outer tube. 

14. The system of any of claims 7 to 13, wherein the 
retention mechanism further comprises a back 
plate (1 7; 57; 78) having a channel (79) and a prox- 
imal lock (64; 80) catch which couples the proximal 
lock with the cap until the proximal lock catch is re- 
leased from the channel of the back plate. 

15. The system of any of claims 7 to 14, wherein the 
system further comprises a second retention mech- 
anism for retaining a distal end on the stent-graft 
undeployed while a remaining portion of the stent- 
graft is deployed. 

16. A method for controlled deployment of a stent-graft, 
comprising the steps of: 

constraining a proximal end of a stent-graft ra- 
dially under a cap while partially deploying a re- 
maining portion of the stent-graft; 
adjusting at least one of the axial and radial po- 
sitions of the stent-graft after the partial deploy- 
ment the remaining portion; and 
releasing the proximal area of the stent-graft by 
controlled coaxial movement between the cap 
and a tube retaining the stent-graft within the 
cap. 



17. The method of claim 16, wherein the constraining 
step further comprises the step of constraining 
proximal springs of the stent-graft between a 
shroud area of a proximal tip and a proximal lock 

s coupled to an inner tube. 

18. The method of any of claims 16 to 17, wherein the 
constraining step further comprises the step of con- 
straining a plurality of apices of a proximal spring of 

10 the stent-graft between a shroud area of a proximal 
tip and a proximal lock having ribs. 

19. A controlled stent-graft (30; 63) deployment deliv- 
ery system (10: 50; 900), comprising: 

15 

a self expanding stent-graft compressed on a 
delivery system, the stent graft having a proxi- 
mal spring having apices extending proximally 
therefrom: 

20 a proximal lock (22; 62; 75) fixed to an outer 

tube of said delivery system, said proximal lock 
having protrusions over which said apices ex- 
tend at the proximal end of the stent graft 
a shroud (15; 55) fixed to a distal end of an inner 

25 tube of said delivery system and surrounding at 

least a portion of a proximal portion of apices 
of a spring of the stent-graft in a radially com- 
pressed configuration and in close proximity to 
the radial ends of the protrusions so that the 

so stent graft spring apices are prevented from re- 

leasing, wherein a controlled relative axial 
movement between the outer tube and the in- 
ner tube releases the proximal end of the stent- 
graft from the shroud. 

35 

20. The controlled stent-graft deployment delivery sys- 
tem, as in Claim 19, further comprising: 

a proximal lock catch (64; 80) coupling the inner 
40 and outer tube at a proximal end of said stent 

graft, the coupling is initially engaged and pre- 
vents the shroud from moving axially to clear 
the proximal end of the stent graft; 

45 wherein said controlled axial movement in a 

first direction causes the catch to uncouplethe inner 
and outer tubes, while said controlled axial move- 
ment in a second direction opposite said first direc- 
tion, after said first and second tubes have been un- 

50 coupled, causes the shroud to move to clear the 
proximal end of the stent graft. 

21. The controlled stent-graft deployment delivery sys- 
tem, as in Claim 20, wherein said controlled axial 

55 movement is caused through a threaded engage- 
ment between the inner tube and the outer tube at 
a handle end of said delivery system. 
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22. A controlled stent-graft deployment delivery meth- 
od comprising: 

inserting a self expanding stent graft inside a 
stent graft delivery system into a vessel pas- s 
sage; 

performing a partial deployment of the stent 
graft; 

releasing a proximal lock catch of a stent graft 
proximal end retaining system by causing a in- 10 
ner tube connected to a first component of said 
catch to move in a first axial direction with re- 
spect to a first component coupling component 
connected to an outer tube; 
releasing the proximal end of the stent graft by 15 
moving the inner tube in a second axial direc- 
tion with respect to the outer tube. 

23. The controlled stent-graft deployment delivery 
method of Claim 22, 20 

wherein causing the inner tube to move rela- 
tive to the outer tube is accomplished by rotating 
relative to one another interengaged threaded ele- 
ments at a handle end of said system, where a first 
of said interengaged threaded elements is coupled 25 
to said inner tube and a second of said interen- 
gaged threaded elements is coupled to said outer 
tube. 

30 
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(54) Stent-gralt delivery system 

(57) A method of delivering a stent-graft (108) in- 
cludes mounting the stent-graft on a pushrod (106; 
106A); radially constraining the stent-graft within a 
sheath (112); securing a crown portion (1 1 8) of the stent- 
graft to the pushrod with a retainer structure (122) of a 
stent-graft retainment system; retracting the sheath to 



expose the crown portion (118) of the stent-graft; and 
further retracting the sheath to cause the retainer struc- 
ture to release the crown portion from the pushrod thus 
deploying the stent-graft. The retainer structure releas- 
es the stent-graft automatically as a result of the retrac- 
tion of the sheath. 
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Description 

[0001] The present invention relates to an intravas- 
cular device and method. More particularly, the present 
invention relates to a device for deployment of a stent- 
graft for treatment of intra-vascular aneurysms. Specif- 
ically, it relates to a stent-graft delivery system, a stent- 
graft retainment system, and a method of handling a 
stent-graft. 

[0002] In stent-graft deployment systems, a self-ex- 
panding stent-graft is restrained within a sheath. After 
placement of the stent-graft at the desired location via 
fluoroscopic guidance, the physician retracts the sheath 
to deploy the stent-graft, i.e., to expose the stent-graft 
and allow it to self-expand. 

[0003] However, priorto deployment, the compressed 
stent-graft tends to press outwards on the inner surface 
of the sheath because of its high radial force, self-ex- 
panding design. As a result, significant deployment 
force is required to retract the sheath to deploy the stent- 
graft. 

[0004] This significant deployment force puts signifi- 
cant stress on the stent-graft, which can result in dam- 
age or destruction of the stent-graft during deployment. 
Further, this significant deployment force places signif- 
icant stress on the delivery system, which can lead to 
component failure of the delivery system. 
[0005] The present invention intends to overcome at 
least some of the above problems. The object is solved 
by the stent-graft delivery system according to inde- 
pendent claims 1 and 27, by the stent-graft retainment 
system according to independent claim 19, and by the 
method according to independent claim 22. 
[0006] Further advantages, features, aspects and de- 
tails of the invention are evident from the dependent 
claims, the description and the drawings. 
[0007] In one embodiment according to the present 
invention, a method of delivering a stent-graft includes 
mounting the stent-graft on a pushrod; radially con- 
straining the stent-graft within a sheath; securing a 
crown portion of the stent-graft to the pushrod with a 
retainer structure of a stent-graft retainment system; re- 
tracting the sheath to expose the crown portion of the 
stent-graft; and further retracting the sheath to cause 
the retainer structure to release the crown portion from 
the pushrod thus deploying the stent-graft. 
[0008] The retainer structure releases the stent-graft 
automatically as a result of the retraction of the sheath. 
Thus, in accordance with this embodiment of the 
present invention, exposure of the crown portion of the 
stent-graft by retraction of the sheath is followed by re- 
lease of the crown portion of the stent-graft by the re- 
tainer structure without requiring any additional manip- 
ulations by the physician compared to a conventional 
stent-graft delivery system. 

[0009] Since the retainer structure holds the crown 
portion againstthe pushrod during initial retraction of the 
sheath, the normal force exerted by the crown portion 



of the stent-graft against the sheath is minimized. Since 
this normal force is minimized, graft-to-sheath friction is 
minimized thus minimizing the stent-graft deployment 
(sheath retraction) force. 

s [0010] Byminimizingthedeploymentforce,thestress 
on the stent-graft is minimized thus minimizing the pos- 
sibility of damaging the stent-graft during deployment. 
Further, by minimizing the deployment force, the stress 
on the stent-graft delivery system is minimized thus also 

10 minimizing the possibility of damaging the stent-graft 
delivery system during deployment of the stent-graft. 
[0011] In another embodiment according to the 
present invention, a stent-graft delivery system in- 
cludes: a pushrod having a lumen and a trigger aperture; 

15 a stent-graft retainment system having a retainer struc- 
ture, and a retainer release trigger coupled to the retain- 
er structure, the retainer release trigger including a trig- 
ger portion extending radially from the lumen through 
the trigger aperture; and a sheath having a trigger trip 

20 surface. 

[0012] In yet another embodiment according to the 
present invention, a stent-graft retainment system in- 
cludes: a retainer structure; and a retainer release trig- 
ger coupledto the retainerstructure, the retainer release 
25 trigger having a pull rod portion coupled to a trigger por- 
tion. 

[0013] Yet, another embodiment provides a method 
of delivering a stent-graft includes mounting the stent- 
graft on a pushrod; radially constraining the stent-graft 

30 within a sheath; securing a crown portion of the stent- 
graft to the pushrod with a retainer structure of a stent- 
graft retaiment system; retracting the sheath to expose 
the crown portion of the stent-graft; and further retract- 
ing the sheath to cause the retainer structure to release 

35 the crown portion from the pushrod thus deploying the 
stent-graft. The retainer structure releases the stent- 
graft automatically as a result of the retraction of the 
sheath. 

[0014] The invention is also directed to apparatuses 
40 for carrying out the disclosed methods and including ap- 
paratus parts for performing each described method 
steps. These method steps may be performed by the 
way of hardware components or in any other manner. 
Futhermore, the invention is also directed to methods 
45 by which the described apparatus operates or is fabri- 
cated. It includes method steps for carrying out every 
function of the apparatus or manufacturing every part of 
the apparatus. 

[0015] The present invention is best understood by 
so reference to the following detailed description when 
read in conjunction with the accompanying drawings. 
Therein, 

FIG. 1 is a modified partial cross-section view of a 
55 stent-graft delivery system within a parent vessel of 
a patient adjacent to a fistula aneurysm; 
FIG. 2 is a modified partial cross-section view of the 
stent-graft delivery system of FIG. 1 during deploy- 
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ment of the stent-graft; 

FIG. 3 is a modified partial cross-section view of the 
stent-graft delivery system of FIG. 2 at a further 
stage during deployment of the stent-graft; 
FIG. 4 is a modified partial cross-section view of a 
region of a stent-graft delivery system; 
FIG. 5 is a partial side view of a stent-graft delivery 
system having a crown portion of a stent-graft en- 
gaged with a stent-graft retainment system; 
FIG. 6 is a side partial cross-section view of a region 
VI of the delivery system of FIG. 5; 
FIG. 7 is a side partial cross-section view of the re- 
gion VI of the delivery system of FIG. 6 during de- 
ployment of the stent-graft; and 
FIGS. 8 and 9 are side partial cross-section views 
of a region of a stent-graft delivery system during 
deployment of a stent-graft. 

[0016] Common reference numerals are used 
throughout the drawings and detailed description to in- 
dicate like elements. 

[0017] In one embodiment according to the present 
invention, a method of delivering a stent-graft 108 in- 
cludes mounting stent-graft 1 08 on a pushrod 1 06 (FIG. 
1); radially constraining stent-graft 108 within a sheath 
112; securing a crown portion 118 of stent-graft 108 to 
pushrod 1 06 with a retainer structure 1 22 of a stent-graft 
retainment system 110; retracting sheath 112 to expose 
crown portion 1 1 8 of stent-graft 1 08 (FIG. 2); and further 
retracting sheath 112 to cause retainer structure 122 to 
release crown portion 118 from pushrod 106 thus de- 
ploying stent-graft 1 08 (FIG. 3). 
[0018] Retainer structure 122 releases stent-graft 1 08 
automatically as a result of the retraction of sheath 112. 
Thus, exposure of crown portion 118 by sheath 112 
(FIG. 2) followed by release of crown portion 118 by re- 
tainer structure 122 (FIG. 3) does not require any addi- 
tional manipulations by the physician compared to a 
conventional stent-graft delivery system. 
[0019] More particularly, FIG. 1 is a modified partial 
cross-section view of a stent-graft delivery system 1 00 
within a parent vessel 1 02 of a patient adjacent to a fis- 
tula aneurysm 104. Illustratively, fistula aneurysm 104 
is an intra-cranial or aortic aneurysm although other an- 
eurysms are treated in other embodiments. 
[0020] Delivery system 100 includes a pushrod 106, 
a stent-graft 108, a stent-graft retainment system 110, 
a sheath 112, and a delivery handle 114. 
[0021] In accordance with this embodiment, pushrod 
1 06, sometimes called an inner catheter, is a hollow tu- 
bular member and includes a lumen 116, e.g., a guide 
wire lumen. In one embodiment (not shown), pushrod 
106 includes an expandable catheter balloon for ex- 
panding and anchoring stent-graft 108 within parent 
vessel 1 02 as those of skill in the art will understand in 
light of this disclosure. However, for purposes of sim- 
plicity, stent-graft 1 08 is discussed below as being a self- 
expanding stent-graft. 



[0022] Stent-graft 1 08 is placed over and mounted on 
pushrod 106. In one embodiment, pushrod 106 and/or 
stent-graft 1 08 include radiopaque markers, which allow 
the location of stent-graft 108 to be precisely tracked 
s facilitating positioning of stent-graft 108 within parent 
vessel 102. 

[0023] Stent-graft 108 is radially constrained by 
sheath 112. More particularly, prior to deployment, 
stent-graft 1 08 is located within sheath 112. Sheath 112 

10 is coupled, e.g., with adhesive, to delivery handle 114. 
[0024] Stent-graft 108 includes a crown portion 118, 
sometimes called a bare stent portion, at a proximal (up- 
stream) end (with respect to an aortic deployment) of 
stent-graft 1 08. Stent-graft 1 08 further includes a stent- 
's graft portion 120 coupled to crown portion 118. 

[0025] Crown portion 1 1 8 of stent-graft 1 08 is secured 
to pushrod 106 by stent-graft retainment system 110. 
More particularly, crown portion 1 1 8 of stent-graft 1 08 is 
secured to pushrod 106 by a retainer structure 122, 

20 sometimes called a retainment means or means for re- 
taining, of stent-graft retainment system 110. 
[0026] Retainer structure 122 is a plurality of curved 
wires, sometimes called hooks, extending from lumen 
116 through corresponding retainer apertures 124 of 

25 pushrod 106. Generally, retainer structure 122 includes 
at least one curved wire. Retainer structure 122 is 
formed of a rigid material, e.g., steel or spring steel, hav- 
ing a sufficient rigidity and strength to hold crown portion 
118 of stent-graft 108 in place. 

30 [0027] The plurality, e.g., two or more, of curved wires 
of retainer structure 122 are connected together by a 
trigger wire coupler 1 26 of stent-graft retainment system 
1 1 0 at a proximal (downstream) end of retainer structure 
122. The plurality of curved wires of retainer structure 

35 122 extend distally (upstream) and outwards from trig- 
ger wire coupler 126. The plurality of curved wires of 
retainer structure 122 pass out from lumen 116 through 
corresponding retainer apertures 124 of pushrod 106 
and curve to extend over crown portion 1 1 8 and back in 

40 the proximal (downstream) direction. However, in anoth- 
er embodiment (not shown), the plurality of wires of re- 
tainer structure 122 pass out from lumen 116 proximally 
(downstream) of crown portion 118 and extend over 
crown portion 118 in the distal (upstream) direction. 

45 [0028] Stent-graft retainment system 110 further in- 
cludes a retainer release trigger 1 28 coupled to retainer 
structure 122 by trigger wire coupler 126. Retainer re- 
lease trigger 128, sometimes called a graft release trig- 
ger, is formed of a rigid material, e.g., a steel wire, hav- 

so ing a sufficient rigidity and strength to cause retraction 
of retainer structure 122. 

[0029] Although retainer structure 122 is illustrated 
and discussed above as being coupled to retainer re- 
lease trigger 128 by trigger wire coupler 126, in another 
55 embodiment, retainerstructure 1 22 and retainer release 
trigger 128 are integral, i.e., are a single piece not a plu- 
rality of separate pieces coupled together. 
[0030] In the embodiment illustrated in FIG. 1 , retainer 
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release trigger 128 comprises a pull rod portion 130 and 
a trigger portion 1 32 coupled together at a bend portion 
134. In this embodiment, pull rod portion 130, trigger 
portion 132 and bend portion 134 are integral, but can 
be separate pieces connected together in another em- 
bodiment. 

[0031] A distal (upstream) end of pull rod portion 130 
is coupled to trigger wire coupler 126. Pull rod portion 
130 extends longitudinally in the proximal direction from 
trigger wire coupler 126 through lumen 116 of pushrod 
106. Pull rod portion 130 is coupled to trigger portion 
132 at a proximal (downstream) end of pull rod portion 
130. 

[0032] Generally, pull rod portion 130 extends along 
the length of longitudinal axis L of pushrod 1 06 and thus 
pull rod portion 130 is sometimes said to extend longi- 
tudinally or in the longitudinal direction. Trigger portion 
132 extends in a direction perpendicular to longitudinal 
axis L of pushrod 106 and thus trigger portion 132 is 
sometimes said to extend radially or in the radial direc- 
tion. Bend portion 134 bends from the longitudinal di- 
rection to the radial direction. 

[0033] Pushrod 1 06 further comprises a trigger aper- 
ture 138. In this embodiment, trigger aperture 138 is a 
longitudinal slot in pushrod 106. Trigger portion 132 ex- 
tends radially from lumen 116 of pushrod 106 and 
through trigger aperture 138. Trigger portion 132 ex- 
tends radially outwards from pushrod 106 a radial dis- 
tance TP, sometimes called a first radial distance. The 
radial distance S, sometimes called a second radial dis- 
tance, between sheath 112 and pushrod 106 is less than 
the distance TP of trigger portion 132. Thus, sheath 112 
contacts trigger portion 132 during retraction. Pull rod 
portion 1 30 is positioned within pushrod 1 06, for exam- 
ple, by splitting and rejoining the radial sections of push- 
rod 106. A separate lumen within pushrod 106 guides 
the motion of pull rod portion 130 in one embodiment. 
[0034] However, to prevent trigger portion 132 from 
contacting delivery handle 114, the radial distance DH, 
sometimes called a third radial distance, between deliv- 
ery handle 114 and pushrod 106 is greater than the dis- 
tance TP of trigger portion 1 32. This allows delivery han- 
dle 114 to be moved without contacting trigger portion 
132 as discussed in greater detail below. 
[0035] More particularly, sheath 1 1 2 comprises an an- 
nular trigger trip surface 140, which is perpendicular to 
longitudinal axis L of pushrod 106. Trigger trip surface 
140 is located at the proximal (downstream) end of 
sheath 112 and extends between an inner surface 142 
and an outer surface 1 44 of sheath 112. Prior to retrac- 
tion of sheath 112, a longitudinal trigger trip distance 
TTD exists between trigger trip surface 140 and trigger 
portion 132. Although trigger trip surface 140 is dis- 
cussed and illustrated herein as being a surface of 
sheath 112, in an alternative embodiment (not shown), 
trigger trip surface 1 40 is a surface of a different element 
of delivery system 100, e.g., of delivery handle 114. 
[0036] FIG. 2 is a modified partial cross-section view 



of stent-graft delivery system 1 00 during deployment of 
stent-graft 108. Referring now to FIGS. 1 and2together, 
to deploy stent-graft 108, delivery handle 114 is retract- 
ed. Since sheath 112 is coupled to delivery handle 114, 
s retraction of delivery handle 114 causes retraction of 
sheath 112. 

[0037] Since retainer structure 122 holds crown por- 
tion 118 against pushrod 106, the large normal force 
which would otherwise be exerted by crown portion 1 1 8 

10 of stent-graft 108 against inner surface 142 of sheath 
112 is minimized. Since the normal force is minimized, 
graft-to-sheath friction is minimized thus minimizing the 
deployment force, i.e., the force exerted upon delivery 
handle 114 during retraction. In addition, a reduction in 

15 the normal force minimizes any embedding (mechanical 
engagement) of stent-graft 108 into sheath 112, which 
further minimizes the deployment force. 
[0038] By minimizing the deployment force, the stress 
on stent-graft 1 08 is minimized thus minimizing the pos- 

20 sibility of damaging stent-graft 108 during deployment. 
Further, by minimizing the deployment force, the stress 
on delivery system 1 00 is minimized thus also minimiz- 
ing the possibility of damaging delivery system 1 00 dur- 
ing deployment of stent-graft 1 08. For example, stretch- 
es ing of sheath 1 1 2 and the associated possibility of neck- 
ing of sheath 112 (diameter reduction) and/or failures at 
bonds between components, e.g., between sheath 112 
and delivery handle 114, are minimized by minimizing 
the deployment force. 

30 [0039] Further, stent-graft 108 is placed in tension 
rather than compression during deployment. More par- 
ticularly, stent graft 108 is pulled proximally (down- 
stream) from crown portion 118 and retainer structure 
122 by sheath 112 during deployment. This minimizes 

35 the possibility of bunching of stent-graft 1 08. 

[0040] After delivery handle 114 and the sheath 112 
are retracted, i.e., moved, trigger trip distance TTD, 
sheath 11 2 contacts trigger portion 132 as shown in FIG. 
2. More particularly, triggertrip surface 1 40 contacts trig- 

40 ger portion 132 and thus further retraction of delivery 
handle 114 and sheath 112 causes an equal retraction 
of trigger portion 132. 

[0041] FIG. 3 is a modified partial cross-section view 
of stent-graft delivery system 100 of FIG. 2 at a further 

45 stage during deployment of stent-graft 108. Referring 
now to FIGS. 2 and 3 together, further retraction of de- 
livery handle 114 and sheath 112 causes retraction of 
trigger portion 132 and release of crown portion 118 of 
stent-graft 1 08. 

50 [0042] More particularly, retraction of trigger portion 
132 causes proximal (downstream towards delivery 
handle 114) longitudinal motion of pull rod portion 130. 
This, in turn, causes proximal longitudinal motion of trig- 
ger wire coupler 126 and retraction of the plurality of 

55 curved wires of retainer structure 122, i.e., causes re- 
traction of retainer structure 122, into pushrod 106. 
[0043] As retainer structure 1 22 is retracted to expose 
crown portion 118, crown portion 118 is released from 
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pushrod 1 06 by retainer structure 1 22. Since sheath 1 1 2 
has also been retracted to expose crown portion 118, 
crown portion 11 8 self-expands into contact with parent 
vessel 1 02. Further retraction of delivery handle 1 1 4 and 
sheath 112 completes deployment of stent-graft 108. 
[0044] As discussed above, retainer structure 1 22 re- 
leases stent-graft 1 08 automatically during retraction of 
delivery handle 114. Thus, use of stent-graft delivery 
system 1 00 including stent-graft retainment system 1 1 0 
does not require any additional operations (manipula- 
tion) by the physician compared to a conventional stent- 
graft delivery system. 

[0045] Further, referring again to FIG. 1, trigger trip 
distance TTD controls how much of stent-graft 108 is 
exposed by sheath 1 1 2 prior to release by retainer struc- 
ture 122. Accordingly, by appropriately defining trigger 
trip distance TTD, stent-graft 1 08 is released after a de- 
sired amount of stent-graft 108 is exposed by sheath 
112. 

[0046] For example, stent-graft 108 is released after 
sheath 112 has uncovered and exposed the first few 
stent rings, e.g. , crown portion 1 1 8 and the most proxi- 
mal 2 to 4 stent rings, of stent-graft 1 08. Crown portion 
1 1 8 and the first few stent rings of stent-graft 1 08 cause 
the highest normal friction and associated deployment 
force. Thus, by restraining crown portion 118 against 
pushrod 106 by retainer structure 122 during retraction 
of sheath 1 1 2 over the first few stent rings, a significant 
benefit is obtained. Further, this allows the physician to 
uncover the first stent rings and assess the position of 
stent-graft 108 in parent vessel 102 before releasing 
crown portion 1 1 8 and sealing the stent-graft 1 08 in par- 
ent vessel 102. 

[0047] FIG. 4 is a modified partial cross-section view 
of a region of a stent-graft delivery system 100A of an- 
other embodiment according to the present invention. 
Retainer release trigger 128A of stent-graft retainment 
system 11 OA of stent-graft delivery system 100A in- 
cludes a locking feature 402, sometimes called a locking 
means, for securing trigger portion 132 to sheath 112. 
[0048] More particularly, locking feature 402 and trig- 
ger portion 132 are coupled together at a bend portion 
404. In this configuration, trigger portion 132, locking 
feature 402, and bend portion 404 are integral, but can 
be separate pieces connected together in another em- 
bodiment. 

[0049] A proximal (downstream) end of locking fea- 
ture 402 is coupled to trigger portion 1 32 by bend portion 
404. Locking feature 402 extends in the distal (up- 
stream) direction from trigger portion 132. 
[0050] When trigger portion 1 32 is engaged with trig- 
ger trip surface 140 of sheath 112 as illustrated in FIG. 
4, locking feature 402 is adjacent to outer surface 144 
of sheath 112. This locks retainer release trigger 128A 
around the proximal end of sheath 112 thus ensuring 
that retainer release trigger 128A does not slip from 
sheath 112. Delivery handle 114 is configured to accom- 
modate the positioning of locking feature 402, e.g., by 



providing a space 406 between delivery handle 1 1 4 and 
outer surface 144 of sheath 112. 
[0051] FIG. 5 is a partial side view of a stent-graft de- 
livery system 100B having crown portion 118 of stent- 

s graft 1 08 engaged with a stent-graft retainment system 
11 0B of another embodiment according to the present 
invention. Delivery system 100B is similar to delivery 
system 100 of FIGS. 1, 2, and 3 and so various ele- 
ments, e.g., sheath 1 1 2, are not illustrated in FIG. 5. FIG. 

10 6 is a side partial cross-section view of a region VI of 
delivery system 1 00B of FIG. 5. 
[0052] Referring nowto FIGS. 5 and 6 together, push- 
rod 106A comprises at least one trench 500 extending 
partially or completely around the circumference of 

15 pushrod 106A. Further, a retainer structure 122A com- 
prises straight wires 502 (only a wire 502 and a wire 
502A of the plurality of wires 502 are illustrated in FIG. 
5) extending across trench 500 ofpushrod 106A. Gen- 
erally, retainer structure 122A includes at least one wire 

20 502. 

[0053] More particularly, trench 500 is defined by a 
proximal (partial or full) annular surface 504, e.g., at 
least one proximal annular surface, a distal (partial or 
full) annular surface 506, e.g., at least one distal annular 

25 surface, and a longitudinal (partial or full) ring surface 
508, e.g., at least one longitudinal ring surface. In this 
embodiment, proximal annular surface 504 and distal 
annular surface 506 are perpendicular to longitudinal 
axis L of pushrod 106A. Further, longitudinal ring sur- 

30 face 508 is parallel to longitudinal axis L of pushrod 
106A. 

[0054] Proximal annularsurface504and distal annu- 
lar surface 506 includes proximal retainer apertures 51 0 
(only a proximal retainer aperture 510 and a proximal 

35 retainer aperture 51 OA of the plurality of proximal retain- 
er apertures 510 are illustrated in FIG. 5) and corre- 
sponding distal retainer apertures 512 (only a distal re- 
tainer aperture 512 and a distal retainer aperture 51 2A 
of the plurality of distal retainer apertures 512 are illus- 

40 trated in FIG. 5), respectively. Wires 502 extend distally 
from pushrod 106A through proximal retainer apertures 
510, longitudinally across trench 500, and back into 
pushrod 106A through distal retainer apertures 512. 
[0055] To illustrate, a first wire 502A of the plurality of 

45 wires 502 extends distally from pushrod 1 06A through 
a first proximal retainer aperture 51 OA of the plurality of 
proximal retainer apertures 510, longitudinally across 
trench 500, and back into pushrod 106A through a first 
distal retainer aperture 51 2A of the plurality of distal re- 

50 tainer apertures 512 as shown in FIGS. 5 and 6. 

[0056] FIG. 7 is a side partial cross-section view of 
region VI of delivery system 100B of FIG. 6 during de- 
ployment of stent-graft 1 08. 

[0057] Referring now to FIGS. 5, 6, and 7 together, 
55 proximal annular surface 504, distal annular surface 
506, longitudinal ring surface 508 and wires 502 define 
pockets 514 (only a pocket 514 and a pocket 51 4A of 
the plurality of pockets 514 are illustrated in FIGS. 5, 6, 
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7). Priorto deployment of stent-graft 108, crown portion 
118 is retained within pockets 514. 
[0058] To illustrate, proximal annularsurface504, dis- 
tal annular surface 506, longitudinal ring surface 508 
and wire 502A define a first pocket 51 4A of the plurality 
of pockets 514. A loop 516 of crown portion 118 passes 
through pocket 51 4A and presses radially outwards on 
wire 502A. 

[0059] To deploy stent-graft 1 08, trigger wire coupler 
126 is retracted as discussed above in reference to 
FIGS. 2 and 3. This causes retraction of wires 502 of 
retainer structure 122A. More particularly, wires 502 are 
retracted out of distal retainer apertures 512 and into 
proximal retainer apertures 510. Stated another way, 
wires 502 are retracted thus opening pockets 514. This 
releases crown portion 118 of stent-graft 108 resulting 
in deployment of stent-graft 108 as shown in FIG. 7. 
[0060] In another embodiment, direct contact be- 
tween crown portion 118 and retractable wires 502 is 
avoided. FIGS. 8 and 9 are side partial cross-section 
views of a region of a stent-graft delivery system 100C 
during deployment of stent-graft 108 according to an- 
other embodiment of the present invention. 
[0061] Referring now to FIGS. 8 and 9 together, 
swings 800 are pivotally attached to distal annular sur- 
face 506 and extend across localized portions of trench 
500. The number of swings 800 corresponds to the 
number of wires 502 around pushrod 106A. As shown 
in FIG. 8, crown portion 118 presses upon swings 800 
which, in turn, press upon wires 502. 
[0062] To deploy stent-graft 108, wires 502 are re- 
tracted as discussed above. More particularly, wires 502 
are retracted out of distal retainer apertures 51 2 and into 
proximal retainer apertures 510. Stated another way, 
wires 502 are retracted thus opening pockets 514. This 
releases swings 800, which pivot from distal annular 
surface 506. This, in turn, releases crown portion 1 1 8 of 
stent-graft 1 08 resulting in deployment of stent-graft 1 08 
as shown in FIG. 9. 

[0063] In one embodiment, the coefficient of friction 
between swings 800 and wires 502 is less than the co- 
efficient of friction between crown portion 1 1 8 and wires 
502. Accordingly, use of swings 800 minimizes deploy- 
ment force. 

[0064] This disclosure provides exemplary embodi- 
ments of the present invention. The scope of the present 
invention is not limited by these exemplary embodi- 
ments. Numerous variations, whether explicitly provid- 
ed for by the specification or implied by the specification 
or not, such as variations in structure, dimension, type 
of material and manufacturing process may be imple- 
mented by one of skill in the art in view of this disclosure. 



Claims 

1 . A stent-graft delivery system comprising: 



a pushrod (106; 106A) comprising: 

a lumen; and 

a trigger aperture (124); 

5 

a stent-graft retainment system (110; 11 0B) 
comprising: 

a retainer structure (122,122A); and 
10 a retainer release trigger (1 28; 1 28A) cou- 

pled to said retainer structure, 

said retainer release trigger comprising a trig- 
ger portion (132) extending radially from said 
15 lumen through said trigger aperture; and 

a sheath (112) comprising a trigger trip surface. 

2. The stent-graft delivery system of Claim 1 wherein 
a longitudinal trigger trip distance exists between 

20 said trigger trip surface and said trigger portion prior 
to retraction of said sheath. 

3. The stent-graft delivery system of any of the pre- 
ceeding claims wherein said trigger portion extends 

25 radially outwards from said pushrod a first radial dis- 
tance, and wherein a second radial distance exists 
between said pushrod and said sheath, said first ra- 
dial distance being greater than said second radial 
distance. 

30 

4. The stent-graft delivery system of Claim 3 wherein 
said trigger trip surface contacts said trigger portion 
during retraction of said sheath. 

35 5. The stent-graft delivery system of any of the pre- 
ceeding claims wherein said retainer release trigger 
further comprises a pull rod portion (130) coupled 
to said trigger portion, said pull rod portion extend- 
ing longitudinally through said lumen. 

40 

6. The stent-graft delivery system of Claim 5 wherein 
said retainer release trigger (128; 128A) further 
comprises a locking feature (402) coupled to said 
trigger portion. 

45 

7. The stent-graft delivery system of Claim 6 wherein 
said locking feature secures said trigger portion to 
said sheath during use of said stent-graft delivery 
system. 

8. The stent-graft delivery system of any of the pro- 
ceeding claims wherein said retainer structure com- 
prises at least one hook extending from said lumen 
through at least one corresponding retainer aper- 

55 ture of said pushrod. 

9. The stent-graft delivery system of Claim 8 wherein 
a proximal end of said retainerstructure (122; 122A) 
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is coupled to said retainer release trigger (128; 
128A) by a trigger wire coupler (126). 

10. The stent-graft delivery system of any of claims 8 
to 9 wherein said at least one hook extends distally 
from said trigger wire coupler through said at least 
one corresponding retainer aperture and curves to 
extend back in the proximal direction. 

11. The stent-graft delivery system of any of claims 8 
to 10 further comprising a stent-graft, wherein said 
at least one hook extends over a portion of said 
stent-graft (108). 

12. The stent-graft delivery system of Claim 11 wherein 
said portion of said stent-graft comprises a crown 
portion (118) of said stent-graft. 

13. The stent-graft delivery system of any of claims 1 1 
to 12 wherein said at least one hook secures said 
portion of said stent-graft to said pushrod. 

14. The stent-graft delivery system of any of claims 1 
to 13 wherein said sheath (112) radially constrains 
said stent-graft. 

15. The stent-graft delivery system of any of claims 1 
to 14 wherein said pushrod (106; 106A) comprises 
at least one trench (500) defined by at least one 
proximal annular surface, at least one distal annular 
surface, and at least one longitudinal ring surface 
of said pushrod, said retainer structure comprising 
at least one wire extending across said at least one 
trench. 

16. The stent-graft delivery system of Claim 15wherein 
said at least one wire extends distally from said 
pushrod through a proximal retainer aperture in said 
at least one proximal annular surface, across said 
at least one trench, and back into said pushrod 
through a distal retainer aperture of said at least one 
distal annular surface. 

17. The stent-graft delivery system of any of claims 15 
to 1 6 wherein said at least one proximal annular sur- 
face, said at least one distal annular surface, said 
at least one longitudinal ring surface and said at 
least one wire define at least one pocket, said stent- 
graft delivery system further comprising a stent- 
graft comprising a portion located in said at least 
one pocket. 

18. The stent-graft delivery system of any of claims 15 
to 17 further comprising at least one swing pivotally 
attached to said at least one distal annular surface. 

19. A stent-graft retainment system comprising: 



a retainer structure (122; 122A); and 
a retainer release trigger (128; 128A) coupled 
to said retainer structure, said retainer release 
trigger comprising a pull rod portion (1 30) cou- 
s pled to a trigger portion. 

20. The stent-graft retainment system of Claim 1 9 fur- 
ther comprising a trigger wire coupler (126) cou- 
pling said retainer structure to said retainer release 

10 trigger. 

21. The stent-graft retainment system of any of claims 
1 9 to 20 wherein said retainer release trigger further 
comprises a locking feature coupled to said trigger 

15 portion. 

22. A method comprising: 

mounting a stent-graft (108) on a pushrod; 
20 radially constraining said stent-graft within a 

sheath (112); 

securing a crown portion (118) of said stent- 
graft to said pushrod with a retainer structure 
of a stent-graft retainment system (110); 
25 retracting said sheath to expose said crown 

portion of said stent-graft; and 
further retracting said sheath to release said 
crown portion from said pushrod. 

30 23. The method of Claim 22 wherein said stent-graft 
self-expands upon said release of said crown por- 
tion from said pushrod. 

24. The method of any of claims 22 to 23 wherein said 
35 further retracting comprises contacting a trigger 

portion of said stent-graft retainment system with a 
trigger trip surface of said sheath. 

25. The method of any of claims 22 to 24 wherein said 
40 further retracting further comprises retracting said 

trigger portion to retract said retainer structure into 
said pushrod. 

26. The method of any of claims 22 to 25 wherein said 
45 retainer structure is retracted to expose said crown 

portion. 

27. A stent-graft delivery system comprising: 

50 a pushrod (106; 106A); 

a sheath (112) for radially constraining said 
stent-graft; 

a means for securing a crown portion of said 
stent-graft to said pushrod; 
55 a means for retracting said sheath to expose 

said crown portion of said stent-graft; and 
a means for releasing said crown portion from 
said pushrod during further retraction of said 
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;. The stent-graft delivery system of claim 27, further 
comprising: 



a sten-graft (108) mounted on a pushrod (106; 
106A). 
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L' invention concerne une agrafe, ainsi que 
le dispositif pour sa raise en place. 

De plus en plus, actuellement , on tend a. 
remplacer les emballages destines a contenir des objets 
5 lourds ou volumineux et realises en bois » par des emballages 
en carton dont chaque paroi est constitute de plusieurs 
feuilles de carton, assemblies les unes aux autres par 
collage, eventuellement avec interposition de carton ondule. 

Les parois epaisses de ces emballages sont 

10 alors assemblies les unes aux autres a l'aide de vis et 
ecrous, qui sont disposes au travers de perforations 
realisees, a cet effet, en regard I'une de I'autre dans 
les panneaux a assembler. 

Cependant, un tel procede d 1 assemblage 

15 est onereux, en raison tout d'abord du prix de revient de 
chaque vis et ecrou, ainsi que des rondelles, qu'il est 
necessaire de placer aux extremites de la vis. Egalement, 
ce procede d' assemblage est long, etant donne les perfora- 
tions qu'il est tout d'abord necessaire de realiser dans 

20 les cartons, du fait du soin qu'on doit prendre pour main- 
tenir en position les cartons ainsi perfores lors de la 
mise en place de la vis, et etant donne, enfin, le temps 
necessaire au serrage des ecrous de ces vis, d'autant plus 
que ces ecrous sont le plus souvent disposes a. l'interieur 

25 de l'embaliage, a. proximite des angles, c'est-a-dire en des 
endroits peu accessibles. 

La presence invention a notamment pour but 
de remedier a. ces inconvenients et concerne, a cet effet, 
une agrafe caracterisee en ce qu'elle se compose d'au moins 

30 une tige metallique rigide tire-bouchonn4e dont I 1 axe deter- 
mine le sens de penetration dans les pieces a assembler, 
I'une des extremites du fil etant biseautee, I'autre etant 
solidaire d'une tete de manoeuvre. 

Suivant une autre caracteristique de 

35 1' invention, la tete de manoeuvre est formee par pliage 
du fil lui-meme. 

Suivant une autre caracteristique de 
1' invention, I'extremite du fil plie pour former la tete de 
manoeuvre presente au moins une portion perpendiculaire a. 
kO l'axe de la partie du fil tire-bouchonnee. 
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L' invention concerne egalement un dispositif 
pour la mise en place de ce procede, caracterise en ce qu'il 
comporte une vis mobile axialement par vissage dans un ecrou 
fixe, des moyens etant prevus a l'une des extremites de 
cette vis pour l'accrochage d'une agrafe. 

Suivant une autre caracteristique de 
l'invention, l'ecrou fixe est solidaire d'un corps formant, 
d'un cote de l'ecrou, un manohon pourvu d'un orifice axial 
recevant l'extremite de la vis pourvue des moyens d'accro- 
chage de 1' agrafe, le diametre de cet orifice correspondant 
au diametre de la tete de 1' agrafe. 

L« invention est representee, a. titre 
d'exemples non limitatifs, sur les dessins ci~joints, 
dans lesquels s 

- la figure 1 est une vue en perspective 
d'un premier mode de realisation de 1' agrafe 5 

- la figure 2 est une vue en perspective 
d'un autre mode de realisation de cette agrafe ; 

- la figure 3 est une vue en coupe axiale 
du dispositif d'agrafage conforme a. l'invention ; 

- la figure k est une vue en perspective 
et a echelle agrandie de la tete d'accrochage d'une agrafe 
dans le dispositif de la figure 3. 

L'agrafe conforme a l'invention se compose 
essentiellement (voir notamment figure 1) d'une partie 1, 
realisee a l'aide d'une tige metallique rigide tire-bouchonnee , 
et d'une tete 2 qui constitue, d'une part, l'organe de manoeuvre 
de l'agrafe lore de sa mise en place, d« autre part, une surface 
de butee cooperant avec la partie tire-bouchonnee 1 , pour 
maintenir fermement l'une contre 1' autre les deux pieces 
assemblees. 

Ces pieces assemblees seront de preference 
constitutes par des cartons relativement epais , et notamment 
par les parois en carton d'emballager , mais il est bien 
entendu que ces agrafes pouiront etre utilisees pour 1' as- 
semblage de panneaux en tout autre materiau, la rigidite 
de l'agrafe elle-meme devant seulement etre fonction de la 
difficulty de penetration de l'agrafe dans les panneaux a 
assembler. 

Par ailleurs, par 1' expression "partie tire- 
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bouchonnee" de la tige metallique, on entend une tige metal- 
lique enroulee en helice et dont les pas consecutifs ne sont 
pas relies les uns aux autres suivant l'axe 3, ce qui dif- 
ferencie cette partie tire-bouchonnee d'une vis. De prefe- 
5 rence, le diametre de la partie tire-bouchonnee est 

plusieurs fois supe'rieur, par exemple dix fois, au diametre 
de la tige metallique utilisee. Egalement , dans 1* exemple 
represent*? cette tige metallique presente une section 
eirculaire, mais toute autre forme pourra fetre prevue, 
10 etant entendu que la mise en oeuvre d'un fil d'acier a 

section circulaire permet une fabrication plus simple de 
1 1 agrafe . 

Conformement a 1' invention, cette agrafe 
presente une partie biseautee a l'extremite k de la partie 
15 tire-bouchonn4e 1, afin de permettre sa penetration dans 

les pieces a. assembler, tandis que 1' autre extremite 5 de 
la partie tire-bouchonnee presente, a hauteur de la tete 2, 
une portion 6 perpendiculaire a. l'axe 3 de la partie tire- 
bouchonnee , cette partie pliee 6 constituent essentiellement 
20 le moyen d 1 entrainement en rotation de 1' agrafe lors de 
son vissage dans les panneaux a assembler. 

Dans 1* exemple repre'sente' sur la figure 1, 
la tgte 2 de 1' agrafe est realisee en totalite par la tige 
metallique elle-meme constituant la partie tire-bouchonnee , 
25 et, a cet effet, a. hauteur de la tSte 2, elle est cintree 

en forme d'anneau, afin de d^finir un plan perpendiculaire 
a. l'axe 3 de 1' agrafe. 

Dans 1' exemple de realisation de la figure 3> 
on a represente une agrafe dont la partie tire-bouchonnee 
30 est realisee a 1'aide de deux tiges metalliques 7 et 8, 
enroulees coaxialement en Ik?" lice, et dont les extremites 
? 1 et 8 1 sont biseautees ou pointues. 

Dans cet exemple, la tSte de 1' agrafe est 
constitute par une plaque metallique .9, eoudee en 10 aux 
35 deux extremites des tiges metalliques ? et 8, cette plaque 
metallique 9 pr4sentant des rebords ou nervures 1 1 pour 
l'actionnement manuel, ou a 1'aide d'un outil, de cette 
agrafe, pour sa mise en place. 

Ces agrafes pourront itre mises en place 
40 pour 1' assemblage de panneaux, a. 1'aide d'un dispositif tel 
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que celui represents sur les figures 3 et 4, qui est par- 
ticulierement destine" a la mise en place d» agrafes telles 
que celles representees sur la figure 1 . 

Ce dispositif se compose d'une vis 12, 
5 placee dans un ecrou fixe 13, cette vis etant pourvue, a. 
l'une de ses extremites, d'une t£te 14 sur laquelle est 
destinee a. s'accrocher la t&te 2 de 1* agrafe, pour sa mise 
en place. A cet eif et , cette t£te 14 comporte des fentes 
diametrales 15, par exemple au nombre de deux, dans l'une 
10 desquelles est destinee a venir se loger la partie 6 de 

1' agrafe. Egalement, cette extremite de la tfcte 14 comporte 
des plans 16, inclines dans le meme sens que les filets de 
la vis 12, de maniere a. favoriser l'accrochage de la partie 6 
dans les fentes 15. 
15 En outre, la pSripherie de cette extremity 

de la tete forme une rainure annulaire 17 dont le diametre 
correspond au diametre interieur de l'anneau 2, afin que cet 
anneau puisse venir se placer dans cette rainure 17, pour 
cooperer ainsi au centrage de l'agrafe. 
20 Comme on le remarque sur la figure 4, cette 

rainure annulaire 1? presente egalement des plans inclines 18 
a proximite de 1' extremite des fentes diametrales 15, ces 
plans 'inclines etant destines a recevoir la partie coudee de 
la tige metallique, k hauteur de la jonction de la partie 6 
25 et de l'anneau 2, afin de tenir compte des defauts eventuels 
de planeite de la tete en cet endroit. 

L'Scrou 13, recevant la vis 12, est lui-meme 
fixe par vis sage k 1'interieur d'un corps qui, dans 1' exemple 
represents , est realist en deux parties 19 et 20, assemblies 
30 par vissage sur cet ecrou 13. La partie 20 du corps comporte 
un orifice axial 21 dont le diametre correspond sensiblement 
au diametre de ia tSte 2 de l'agrafe et qui recoit 1' extremite 
de la vis 12 pourvue de la tete 14. 

Par ailieurs, la partie 19 du corps comporte 
35 un orifice axial 22, dans lequel peut se deplacer une piece 

23 montee a. rotation a 1' extremite de la vis 12. Cette piece 
23 est montee k rotation a. 1' extremite de la vis 12 par 
l'intermediaire de billes 24 maintenues dans un logement 
forme entre le fond de la piece 23 et un ecrou ?-5 fixe k 
'40 l 1 extremite du corps de la vis 12. 
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Le dispositif de I 1 invention rspresente sur 
la figure 3 est destine a s' adapter sur un organe de manoeuvre, 
et particulierement sur un pistolet pneumatique prcduisant 
le deplacement axial de la vis 12 par vissage dans l'ecrou 
5 13, pour l'enfoncement par vissage de 1' agrafe dans les 

panneaux a assembler. 

A cet effet, la partie 19 du corps comporte 
une collerette 26 destinee a. s'accrocher sur des moyens 27 
prevus a cet effet sur le pistolet pneumatique, tandis que 

10 la piece 23 est pourvue d'un filetage interieur pour rece- 
voir le mandrin 28 de manoeuvre du pistolet pneumatique. 
La force de pression du mandrin 28 s'exerce sur la vis 12, 
par l'intermediaire d'une bille en acier 29 centree dans 
l'axe de cette vis 12 par une piece de forme 30. 

15 Ainsi, lors de l'actionnemeiit du pistolet 

automatique, le mandrin 28 se deplace axialement, afin 
d'exercer, par l'intermediaire de la bille 29, une pression 
axiale sur la vis 12 qui tend alors a se visser dans l'ecrou 
13, afin que la tSte 14 s'accroche sur la tete 2 de 1' agrafe 

20 prealablement disposed dans l'orifice axial 21. 

Dans cette construction, evidemment, le 
pas de la vis 12 correspond au pas de la partie tire- 
bouchonnee 1 de 1" agrafe. 

Bien entendu, 1 'invention n'est pas limitee 

25 aux exemples de realisation ci-dessus decrits et represented , 
a partir desquels on pourra prevoir d'autres modes et 
d'autres formes de realisation, sans pour cela sortir du 
'cadre de 1 'invention. 
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1°/ Agrafe caracterisee en ce qu'elle se 
compose d'au moins une tige metallique rigide tire-bouchonnee 
dont l'axe determine le sens de penetration dans les pieces 
5 a assembler, l'une des extremites du fil etant biseautee, 
1' autre etant solidaire d'une t&te de manoeuvre. 

2°/ Agrafe conforme a la revendication 1, 
caracterisee en ce que la tete de manoeuvre est formee par 
pliage du fil lui-meme. 
10 3°/ Agrafe conforme k la revendication 2, 

caracterisee en ce que l'extremite du fil piie pour former 
la tete de manoeuvre presente au moins une portion perpen- 
diculaire a l'axe de la partie du fil tire-bouchonnee. 

4°/ Agrafe conforme a l'une quelconque 
15 des revendications 1 a 3, caracterisee en ce que le fil 

rigide, pour constituer la t&te de 1 1 agrafe , est cintre a 
la forme d'un amieau definissant un plan perpendiculaire a 
l'axe de la partie du fil tire-bouchonnee. 

5°/ Agrafe conforme a la revendication 1, 
20 caracterisee en ce que la t§te de l'agrafe est constitute 
d'une plaque metallique soudee perpendiculair ement a l'ex- 
tremite de la partie tire-bouchonnee, cette plaque etant 
pourvue de nervures de prehension. 

6°/ Agrafe conforme a l'une quelconque 
25 des revendications 1 a 5, caracterisee en ce qu'elle est 
realisee en fil d'acier a section circulaire. 

7°/ Dispositif pour la mise en place de 
l'agrafe conforme a l'une quelconque des revendications 
1 k 6, caracterise en ce qu'il comporte une vis mobile 
30 axialement pax vissage dans un ecrou fixe, des moyens 
etant prevus a. l'une des extremites de cette vis pour 
1'accrochage d'une agrafe. 

8°/ Dispositif conforme a. la revendication 
6, caracterise en ce que l'ecrou fixe est solidaire d'un 
35 corps formant, d'un cote de l'ecrou, un manchcn pourvu d'un 

orifice axial recevant l'extremite de la vis piurvue des 
moyens d'accrochage de l'agrafe, le diametre de cet orifice 
correspondant au diametre de la tete de l'agrafe. 

9°/ Dispositif conforme a la revendication 
40 8, caracterise en ce que le corps forme, de 1' autre cote de 
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I'ecrou, un manchon creux recevant 1' autre extremite de la 
vis, cette extremite de la vis etant pourvue de moyens pour 
son accrochage a des moyens assurant son vissage dans 

5 10°/ Dispositif conforme a la revendica- 

tion 9, caracterise en ce que les moyens prevus a. I 1 extre- 
mite de la vis et assurant son accrochage a des moyens de 
commande de son vissage, sont constitues par une piece 
montee a rotation sur cette extremite de la vis. 

10 11°/ Dispositif conforme a la revendica- 

tion 9, caracterise en ce que la piece montee a. rotation 
a 1' extremite de la vis comports au moins une bielle en 
acier, appliquee contre 1' extremite de la vis. 

12°/ Dispositif conforme a la revendica- 

15 tion 9> caracterise en ce que le corps comporte des moyens 
pour sa fixation sur un pistolet pneumatique, et la piece 
montee a rotation a 1' extremite de la vis comporte des 
moyens pour sa liaison a. la tige de manoeuvre du pistolet, 
ces moyens assurant I'application de 1'extremite de la 

20 tige de manoeuvre contre la bille appliquee sur 1* extremity 
de la vis. 
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adapted to be folded and inserted into a cut in a vessel (8). The flange has a series of spikes (3) parallel to the tube which pass 
through the vessel wall and are engaged with holes (5) in a locking ring (4) slidable on the tube (1). The implant is typically con- 
nected between an aorta and a distal coronary artery in a heart bypass operation. 
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"TUBULAR SURGICAL IMPLANT" 
TECHNICAL FIELD 
This invention relates to a tubular surgical implant 
and has been devised particularly though not solely for 
5 use as a by-pass device and specifically as a coronary 
by -pass device. 

BACKGROUND ART 
So-called "heart by-pass" surgery is relatively 
common and is necessitated by blockage or partial 

10 blockage by narrowing of the coronary arteries causing 
ischaemia or a lack of blood supply to the heart muscle, 
distally. The pain felt as a result is known as angina 
and the result can be heart attack, death or recovery 
with damage to the heart muscle. The present treatment 

15 by way of heart by-pass surgery is effective but is 
expensive to carry out, time consuming, and requires 
stopping the heart and placing the patient on a 
life- support artificial heart -lung machine using large 
quantities of blood. Surgeons must then harvest leg 

20 veins or chest arteries or both to sew into position as a 
by-pass from the aorta to the distal coronary artery. 

It is desirable to provide a much less complicated 
procedure for carrying out a by-pass operation, which is 
not only faster and less expensive to perform, but also 

25 results in less risk to the patient. 

DISCLOSURE OF THE INVENTION 
The present invention therefore provides a tubular 
surgical implant adapted to be joined to a wall of a 
vessel or hollow organ such that the implant opens into 

30 the interior of the vessel or organ, said implant 
comprising an open ended tube, a deformable flange at one 
end of the tube, a plurality of spikes extending from the 
flange, alongside and generally parallel to the tube, and 
a locking ring arranged to slide axially on the tube, the 

35 locking ring incorporating a plurality of holes aligned 
with and adapted to receive the spikes. 

Preferably the locking ring is keyed to the tube, 
preventing rotation of the ring relative to the tube. 
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Preferably the spikes and the holes in the locking 
ring are provided with a locking mechanism arranged to 
retain the spikes within the holes when the locking ring 
is engaged with the spikes. 
5 The flange may be deformable relative to the tube 

such that the flange may be deformed to lie against the 
tube for insertion into an opening in the wall of the 
vessel or organ. 

Alternatively the flange may be deformable across 
10 one or more hinge lines in the flange, allowing parts of 
the flange to bend back against the tube for insertion 
into an opening in the wall of the vessel or organ. 

In one form of the invention the implant is adapted 
to connect two vessels or hollow organs and is provided 
15 with a flange and locking ring at both ends of the tube. 

Preferably the tube and the flange are made of a 
plastics mesh which allows for incorporation of human 
tissue. 

In a further aspect the invention provides a method 

20 of connecting two vessels or hollow organs by way of a 
surgical implant, comprising the steps of; providing a 
tubular surgical implant adapted to be joined to a wall 
of a vessel or organ such that the implant opens into the 
interior of the vessel or organ, said implant comprising 

25 an open ended tube, a deformable flange at one end of the 
tube, a plurality of spikes extending from the flange, 
alongside and generally parallel to the tube, and a 
locking ring arranged to slide axially on the tube, the 
locking ring incorporating a plurality of holes aligned 

30 with and adapted to receive the spikes; cutting a hole or 
slit in the tissue wall of the first vessel or organ, 
inserting the end of the tube into the hole or slit with 
the flange deformed, allowing or causing the flange to 
open behind the tissue wall, engaging the spikes through 

35 the tissue wall and sliding the locking ring on the tube 
until the spikes are engaged with the holes in the 
locking ring. 
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BRIEF DESCRIPTION OF DRAWINGS 
Notwithstanding any other forms that may fall within 
its scope, one preferred form of the invention will now 
be described by way of example only with reference to the 
5 accompanying drawings, in which: - 

Fig. 1 is a diagrammatic perspective view of a 
tubular surgical implant according to the invention; 

Fig. 2 is a detailed view of one end of the implant 
shown in Fig. 1; 

10 Fig. 3 is a diagrammatic view of a blood vessel 

clamped and cut preparatory to engagement with the 
tubular surgical implant shown in Fig. 1; 

Fig. 4 is a diagrammatic perspective view of the 
implant being inserted into the incision in the vessel; 

15 Fig. 5 is a similar view to Fig. 4 showing the 

spikes of the implant being engaged; and 

Fig. 6 is a similar view to Figs. 4 and 5 showing 
engagement of the locking ring. 

MODES FOR CARRYING OUT THE INVENTION 

20 In the preferred form of the invention a tubular 

surgical implant is provided for use as a by-pass between 
the aorta and a coronary artery although it will be 
appreciated that the device may be used in many other 
applications wherever it is necessary to join an 

25 artificial tube with a vessel or organ or to provide a 
by-pass between different vessels and/or organs. The 
implant is described as a double-ended device although it 
will be appreciated that in some applications the 
engagement flange and locking ring may be provided on one 

30 end of the tube only. 

The implant comprises a tube (1) having a flange (2) 
at either end of the tube. The tube and flange may be 
formed from any suitable materials but are typically of a 
plastics mesh material such as a grade of Gortex 

35 (Registered Trade Mark) material which allows 
incorporation of human tissue and a long life for the 
device in the body. 

Each flange is provided with a plurality of spikes 
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(3) extending from the flange, alongside and generally 
parallel to the tube (1) . In this sense the spikes face 
away from the open end of the tube. 

The implant is further provided with locking rings 
5 (4) of the same general size and configuration of the 
flanges (2), the locking rings being arranged to slide 
axially on the tube (1) . Each locking ring incorporates 
a plurality of holes (5) (Fig. 5) aligned with and 
adapted to receive the spikes (3) protruding from the 

10 corresponding flange (2) . 

In order to ensure alignment of the holes (5) with 
the spikes (3) the locking ring may be keyed to the tube 
by way of a keyway (6) on the tube and a corresponding 
projection or aperture (not shown) in the locking ring 

15 (4) , preventing rotation of the ring relative to the 
tube. In this manner, the holes (5) can be accurately 
aligned with the spikes (3) enabling the ring to be 
engaged with the spikes as will be described further 
below. 

20 The flange (2) is deformable relative to the tube 

(1) either by deforming the entire flange relative to the 
tube so that the flange may lie against the tube for 
insertion into an opening of a vessel or organ, or 
alternatively the flange maybe deformable across one or 
more hinge lines (7) (Fig. 2) allowing parts of the 
flange to bend back against the tube as shown in Fig. 4 
for insertion into an opening in the wall of the vessel 
or organ. 

The use of the implant will now be described with 
reference to a typical coronary by-pass operation where 
the implant is engaged between the aorta and the distal 
coronary artery. 

Referring to Fig. 3 the aorta (8) is first partially 
clamped by way of a non- traumatic clamp (9) positioned 
35 partially across the aorta to allow the continuing flow 
of blood through undamped portion (10) . The clamped 
portion (11) of the aorta (8) may then be cut to form an 
incision (12) for engagement with the implant. 
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As shown in Fig. 4, the flange (2) may be deformed 
as previously described and inserted through the incision 
(12) until the entire flange is positioned within the 
aorta. The flange is then allowed or caused to open 
5 behind the tissue wall of the aorta to its original 
configuration and the tube pulled back in the direction 
of arrow (13) (Fig. 5) engaging the spikes (3) through 
the tissue wall (11) . 

The locking ring (4) is then slid down the tube 

10 until the spikes (3) are engaged with the holes (5) in 
the locking ring as shown in Fig. 6. 

The spikes (3) and the holes (5) in the locking ring 
(4) are provided with a series of locking mechanisms 
arranged to retain the spikes within the holes when the 

15 locking ring is engaged with the spikes as shown in Fig. 
6. This locking mechanism may take any suitable 
configuration but is typically a series of "click into 
place" type of mechanism which engages the locking ring 
at various spacings from the flange to allow for several 

20 aortic wall thicknesses. 

The procedure may then be repeated at the other end 
of the implant to engage the other flange with the 
coronary artery so effectively and quickly providing a 
by-pass between the aorta and the coronary artery. 

25 In the particular application of a heart by-pass 

operation the flange adapted to be engaged with the 
coronary artery may be smaller than the flange to be 
engaged with the aorta to suit the size of the vessel 
with which it is engaged. A range of different sized and 

30 ended devices would be used to cover the range expected 
in different sized diameters and thickness of aortas and 
coronary arteries. In situations where there is more 
than one blockage in the coronary artery, the tubular 
surgical implant can be constructed as a manifold with 

35 one larger aortic proximal end and several separate 
coronary distal ends. The tubes may be either parallel 
sided or tapered (conical) as required for the desired 
flow rates. 
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In this manner a surgical implant is provided which 
enables a coronary by-pass operation to be performed 
without stopping the heart function or the aorta blood 
flow to the body and which furthermore does not entail 
5 the stripping of veins or arteries from other parts of 
the body to use as a by-pass conduit. 

The implant has application in many other areas 
presently the province of vascular and microsurgery and 
may be used wherever it is necessary to join a tube to a 
10 vessel or hollow organ or to form a connection between 
two vessels and/or organs. 



CLAIMS : ' 

1. A tubular surgical implant adapted to be joined to a 
wall of a vessel or hollow organ such that the implant 
opens into the interior of the vessel or organ, said 

5 implant comprising an open ended tube, a deformable 
flange at one end of the tube, a plurality of spikes 
extending from the flange, alongside and generally 
parallel to the tube, and a locking ring arranged to 
slide axially on the tube, the locking ring incorporating 
10 a plurality of holes aligned with and adapted to receive 
the spikes. 

2. A tubular surgical implant as claimed in claim 1 
wherein the locking ring is keyed to the tube, preventing 
rotation of the ring relative to the tube. 

15 3 . A tubular surgical implant as claimed in either 
claim 1 or claim 2 wherein the spikes and the holes in 
the locking ring are provided with a locking mechanism 
arranged to retain the spikes within the holes when the 
locking ring is engaged with the spikes. 

20 4. A tubular surgical implant as claimed in any one of 
the preceding claims wherein the flange is deformable 
relative to the tube such that the flange may be deformed 
to lie against the tube for insertion into an opening in 
the wall of the vessel or organ. 

25 5. A tubular surgical implant as claimed in any one of 
claims 1 to 3 wherein the flange is deformable across one 
or more hinge lines in the flange, allowing parts of the 
flange to bend back against the tube for insertion into 
an opening in the wall of the vessel or organ. 

30 6. A tubular surgical implant as claimed in any one of 
the preceding claims wherein the implant is adapted to 
connect two vessels or hollow organs and is provided with 
a flange and locking ring at both ends of the tube. 

7. A tubular surgical implant as claimed in any one of 
35 the preceding claims wherein the tube and the flange are 

made of a plastics mesh which allows for incorporation of 
human tissue. 

8 . A method of connecting two vessels or hollow organs 



by way of a surgical implant, comprising the steps of: 
providing a tubular surgical implant adapted to be joined 
to a wall of a vessel or organ such that the implant 
opens into the interior of the vessel or organ, said 
5 implant comprising an open ended tube, a deformable 
flange at one end of the tube, a plurality of spikes 
extending from the flange, alongside and generally 
parallel to the tube, and a locking ring arranged to 
slide axially on the tube, the locking ring incorporating 

10 a plurality of holes aligned with and adapted to receive 
the spikes; cutting a hole or slit in the tissue wall of 
the first vessel or organ, inserting the end of the tube 
into the hole or slit with the flange deformed, allowing 
or causing the flange to open behind the tissue wall, 

15 engaging the spikes through the tissue wall and sliding 
the locking ring on the tube until the spikes are engaged 
with the holes in the locking ring. 

9. A method as claimed in claim 8 wherein the area of 
the first vessel or organ surrounding the hole or slit is 

20 isolated from the remainder of the first vessel or organ 
by way of a clamp before making the hole or slit, in a 
manner allowing fluid to continue to flow through the 
remainder of the vessel or organ. 

10. A method as claimed in either claim 8 or claim 9 
25 wherein the first vessel or organ comprises an aorta and 

the second vessel or organ comprises a distal coronary 
artery. 
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SURGICAL HELICAL FASTENER WITH APPLICATOR 

BACKGROUND OF THE INVENTION 

This invention relates to surgical fasteners 
and their associated applicators, and more 
5 particularly, surgically fastening material to tissue. 

Fasteners have been used surgically to 
eliminate the need for suturing, which is both time 
consuming and inconvenient. In many applications the 
surgeon can use a stapler apparatus, i.e., a fastener 

10 implanting device loaded with surgical fasteners to 

accomplish in a few seconds what would have taken many 
minutes to perform by suturing. This reduces blood 
loss and trauma to the patient. 

Conventional surgical fasteners have been in 

15 the form of ordinary metal staples, which are bent by 
the delivery apparatus to hook together body tissue. 
Typically, conventional staples comprise a pair of legs 
joined together at one end by a crown. The crown may 
be a straight member connecting the legs or may form an 

20 apex. Moreover, the legs may extend substantially 
perpendicular from the crown or at some angle 
therefrom. Irrespective of the particular 
configuration, however, conventional staples are 
designed so that they may be deformed to hold body 

25 tissue. 

Accordingly, the stapler applicators have 
conventionally embodied structure functioning to 
project the conventional staple into tissue as well as 
to deform the staple so that it is retained against the 

30 tissue. Generally speaking, typical applicators 

include an anvil cooperating with means to eject the 
conventional staple from the applicator. In some 
applications, access to the body tissue from two 
opposite directions is available and the anvil can 

35 operate to deform the legs of the staple after they 

have passed through the body tissue. In applications 
where access to the tissue is from only one direction, 
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the anvil may deform the crown of the conventional 
staple so that its legs will project into the body 
tissue in a fashion so as to hold the staple against 
the tissue. 

5 Since conventional staples require 

deformation and must cooperate with applicators having 
an anvil or other means to deform the staples, 
conventional applicators typically comprise complex 
structures and can be prohibitively expensive. 

10 Conventional applicators must embody structure 

functioning to not only eject the fasteners but to do 
so in a manner so that the fastener deforms properly 
and timely. 

In some applications, conventional 

15 applicators must be equipped with structure functioning 
to move the anvil into and out of position so that when 
the fastener is ejected from the applicator, the anvil 
is properly positioned and once fastener deformation is 
complete, moves out of position, thereby allowing the 

2 0 process to be repeated. Moreover, the anvil must be 

formed into a proper configuration so that fastener 
deformation can be repeated accurately. Further, the 
force between the fastener and the anvil must be 
controlled so that repeated deformation is 
25 accomplished. The objectives of many inventions in 

this field have been to accomplish these goals by the 
simple manipulation of a single lever. It is to be 
appreciated, therefore, that the fastener applicators 
have become complex and expensive instruments. 

3 0 Two part fasteners have also been 

conventionally utilized, where a barbed staple is used 
in conjunction with a retaining piece to hold the 
staple in place. Typically, the two part staple 
comprises a crown or backspan and two barbed prongs 
35 which are engaged and locked into a separate retainer 
piece. In use, the staple is pressed into the body 
tissue so that the barbs penetrate the tissue and 
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emerge from the other side where they are then locked 
into the retainer piece. Retainers prevent the staple 
from working loose from the tissue. The two piece 
fasteners cannot be unlocked and are not removable. 
5 Like other conventional applications, 

however, the two piece fasteners require the staple 
delivery apparatus to have access to both sides of the 
tissue. Thus, as with the other conventional 
applications, two piece fasteners are limited since 

10 they cannot be used where access to tissue is from one 
direction only. 

In those situations where access to body 
tissues is limited to one direction, as in grafting 
procedures, deformable surgical fasteners have been 

15 conventionally employed. As mentioned previously, 
however, the applicators commonly used in these 
situations embody an anvil cooperating with a fastener 
to deform it and consequently, tend to be of a complex 
design. 

20 Some advancements have been made in this area 

so that applicators functioning to attach grafts to 
tissue, for instance, are not required to embody an 
anvil and may, therefore, have a more simple design. 
In particular, it has been suggested in the art to 

25 employ fasteners with barbs, thereby eliminating the 
need for deforming the fastener. These fasteners are 
limited, however, since the path created in the graft 
and tissue by the barbs as the fastener is pressed into 
the graft and tissue may allow the fastener to loosen 

30 its grip or to entirely back out of engagement. 

Moreover, due to their sole reliance upon barbs to 
retain tissue, the barb fasteners are further limited 
in that they may not have a great enough retentive 
surface area for securely holding tissue in place. 

35 To circumvent or overcome the problems and 

limitations associated with conventional fasteners and 
applicators, a simple applicator that dispenses a 
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surgical fastener having high surface area for 
retentive contact with tissue and that can be delivered 
into body tissue from one direction may be employed. 
The present invention embodies these characteristics. 

SUMMARY OF THE INVENTION 

The invention includes a surgical fastener 
and an applicator used in delivering the fastener into 
body tissue. The fastener and applicator of the 
present invention may be used in a number of medical 
procedures including ligating tissue, hernia mesh 
repair, bladder neck suspension, and in conjunction 
with implant drug delivery systems or procedures 
involving positioning of surgical or implantable 
devices in a patient's body. 

The preferred embodiment of the surgical 
fastener of the present invention is formed into the 
configuration of a continuous helical coil. The 
continuous helical coil is longitudinally collapsible 
and expandable. At the distal end of the helical 
fastener is a point for enhancing penetration into 
tissue. The proximal end of the helical fastener has a 
T-bar which sections the diameter of the fastener, 
thereby providing a surface for receiving and 
transmitting longitudinal and rotational forces so that 
the fastener may be driven into tissue by a corkscrew 
action. The pitch and length of the helical fastener 
may vary upon the application as can its diameter and 
configuration of the most proximal and distal coils 
comprising the fastener. Additionally, the material 
selection and fastener stiffness may be selected with a 
particular application in mind. 

In another embodiment of the surgical 
fastener, the fastener comprises a double continuous 
helical coil that is also longitudinally collapsible 
and expandable and may embody various configurations 
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depending upon the application. Moreover, the distal 
end of the double helical fastener comprises two points 
for enhancing penetration into tissue and its proximal 
end comprises a connector bar which connects the two 
helixes as well as sections the diameter of the double 
helical fastener. In yet another embodiment, the 
surgical fastener further comprises a pivot post 
extending through the center of the fastener and 
operating to provide the fastener with a stable pivot. 
In any of the embodiments, one or more barbs may be 
employed near the point to enhance anchoring 
characteristics. 

A preferred embodiment of the fastener 
applicator of the present invention includes a proximal 
portion and a distal portion. The proximal portion is 
preferably fabricated to be a "reusable" component and 
the distal portion a "disposable" component. 
Alternatively, both the distal and proximal portion can 
be made disposable. The distal portion is elongate and 
embodies an outer tube housing an inner rotator, a lock 
clip/ indicator and a load spring. The proximal portion 
includes a handle. In the preferred embodiment of the 
distal portion, a thread form comprising an interlock 
spring is provided within the outer tube. The rotator 
includes a structure running longitudinally along its 
length that functions to receive the T-bar or connector 
bar of the fastener and in this way, the rotator may 
hold a plurality of fasteners. The load spring applies 
a force against the lock clip/ indicator operating to 
bias the plurality of springs distally within the outer 
tube and towards the nose piece. The thread form 
functions to engage the coils of the helical fasteners 
and when rotating the rotator, a fastener is driven 
from the distal end of the applicator. In other 
embodiments of the applicator, the distal end has 
various other structures functioning to engage the 
coils of the fastener and to drive them from the distal 
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end of the applicator. !ln one other embodiment, the 
distal end comprises a nose piece protrusion for 
engaging the fastener. 

In order to cause the rotator to rotate, the 
5 proximal portion of the applicator has a handle and an 
actuator cooperating with the rotator. In a preferred 
embodiment, the proximal portion of the applicator 
embodies a lever pivotally attached about a midpoint to 
the handle. A first end of the lever is configured to 

10 be gripped by hand and a second end is adapted to 

engage a nut driver. The nut driver travels along a 
helical lead screw which is connected to the rotator. 
When the lever is squeezed by hand the nut driver 
travels along the lead screw causing it to rotate, and 

15 through the connection of the lead screw to the 
rotator, the action of the lead screw causes the 
rotator to rotate. 

Further, the lever comprises a midsection 
extension. Pivotally attached to the midsection 

20 extension of the lever is a spring loaded pawl adapted 
to releasably engage gear teeth formed in the interior 
of the handle. The spring loaded pawl prohibits the 
lever from backstroking until it has been completely 
depressed. Upon complete depression of the lever, the 

25 pawl clears the gear teeth and the spring, biasing the 
pawl, rotates the pawl away from the teeth, thereby 
allowing the lever to return to its undepressed 
condition. 

In another embodiment of the proximal portion 
3 0 of the applicator, the lever is pivotally attached at a 
first end to the handle, the second end being adapted 
to engage the nut driver. Further, rather than 
embodying a spring loaded pawl, this alternate 
embodiment of the proximal portion includes a clutch 
35 assembly or releasable connection between the lead 

screw and rotator and cooperating means to prohibit the 
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lever from backs troking ;until it has been completely 
depressed. 

Other features and advantages of the present 
invention will become apparent from the following 
5 detailed description, taken in conjunction with the 
accompanying drawings, which illustrate, by way of 
example, the principals of the invention. 
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BRIEF DESCR IPTION OF THE DRAWINGS 



FIGURE 1 depicts a perspective view of a 
fastener of the present invention, illustrating a side 
view of a helical fastener. 
5 FIG. 1A depicts another perspective view of 

the fastener of the present invention, illustrating an 
end view of the helical fastener. 

FIG. IB depicts a schematic view of a 
fastener of the present invention, illustrating a 
10 substantially collapsed helical fastener with a 

relatively small gap that has been partially inserted 
into tissue. 

FIG. 1C depicts a schematic view of a 
fastener of the present invention, illustrating the 
15 helical fastener depicted in FIG. IB completely 
inserted into tissue. 

FIG. ID depicts a schematic view of a 
fastener of the present invention, illustrating a 
substantially collapsed helical fastener with a 
20 relatively large gap that has been partially inserted 
into the tissue. 

FIG. IE depicts a schematic view of a 
fastener of the present invention, illustrating the 
helical fastener depicted in FIG. ID completely 
25 inserted into tissue. 
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FIG. IF depicts a perspective view of another 
embodiment of the present invention, illustrating an 
end view of the helical fastener. 

FIG. 2 depicts a perspective view of another 
5 embodiment of the present invention, illustrating a 
double helical fastener. 

FIG. 2A is a front view of the double helical 
fastener of FIG. 2. 

FIG. 2B is side view of the double helical 
10 fastener of FIG. 2. 

FIG. 2C is a top view of the double helical 
fastener of FIG. 2. 

FIG. 3 is a perspective view of yet another 
embodiment of the present invention, illustrating 
15 another design of a double helical fastener. 

FIG. 3 A is a front view of the double helical 
fastener of FIG. 3. 

FIG. 3B is a side view of the double helical 
fastener of FIG. 3. 
20 FIG. 3C is a top view of the double helical 

fastener of FIG. 3. 

FIG. 4 is a perspective view of the present 
invention, illustrating a helical fastener with a 
central post. 

25 FIG. 5 depicts a schematic cross-sectional 

view of an applicator of the present invention, 
illustrating a side view of the applicator. 
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FIG. 6 is a schematic cross-sectional side 
view of a terminal end of the applicator. 

FIG. 6A is a schematic cross-sectional end 
view of a terminal end of the applicator. 
5 FIG. 7 is a schematic cross-sectional view of 

the terminal end of the applicator, illustrating the 
preferred embodiment of the terminal end. 

FIG. 7A is a schematic cross-sectional end 
view of the preferred embodiment of the terminal end of 
10 the application shown in FIG. 7. 

FIG. 8 is a schematic cross-sectional view of 
the terminal end of the applicator, illustrating 
another embodiment of the terminal end. 

FIG. 8A is a schematic cross-sectional end 
15 view of the embodiment of the terminal end of the 
applicator shown in FIG. 8. 

FIG. 9 is a schematic cross-sectional view of 
the terminal end of the applicator, illustrating yet 
another embodiment of the terminal end. 
20 FIG. 9A is a schematic cross-sectional end 

view of the embodiment of the terminal end of the 
applicator shown in FIG. 9. 

FIG. 10 is a schematic cross-sectional view 
of the terminal end of the applicator, illustrating 
25 still yet another embodiment of the terminal end. 

FIG. 10A is a schematic cross-sectional end 
view of the embodiment of the terminal end of the 
applicator shown in FIG. 10. 
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FIG. 11 is a schematic cross-sectional view 
of the terminal end of the applicator, illustrating 
another embodiment of the terminal end. 

FIG. 11A is a schematic cross-sectional end 
view of the embodiment of the terminal end of the 
applicator shown in FIG. 11. 

FIG. 12 is a schematic cross-sectional view 
of the terminal end of the applicator, illustrating a 
further embodiment of the terminal end. 

FIG. 12A is a schematic cross-sectional end 
view of the embodiment of the terminal end of the 
applicator shown in FIG. 12. 

FIG. 13 is a schematic cross-sectional view 
of the terminal end of the applicator, illustrating a 
still further embodiment of the terminal end. 

FIG. 14 is a schematic cross-sectional view 
of the terminal end of the applicator, illustrating 
still yet another embodiment of the terminal end. 

FIG. 15. is a schematic cross-sectional view 
of another applicator of the present invention, 
illustrating a side view of the applicator. 

FIG. 16 is a schematic partial cross- 
sectional view of a releasable connection between the 
lead screw and rotator. 

FIG. 16A is schematic representation of a 
distal end of the lead screw, illustrating an end view 
of the lead screw. 
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FIG. 16B is a schematic representation of the 
distal end of the lead screw, illustrating a side view 
of the lead screw depicted in FIG. 16. 

FIG. 16C is a schematic representation of the 
5 proximal end of the rotator, illustrating a side view 
of the rotator. 

FIG. 16D is a schematic representation of the 
proximal end of the rotator, illustrating an end view 
of the rotator depicted in FIG. 16B. 
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PfiTAItiEP DESCRIPTION :OF THE PREFERRED EMBODIMENTS 

As is shown in the drawings, which are 
included for purposes of illustration and not by way of 
limitation, the invention is embodied in a continuous 
helical fastener and an applicator therefor. The 
helical fastener has a high retentive surface area and 
the applicator has a simple design and functions to 
dispense the helical fasteners, without substantially 
deforming the fasteners, into body tissue, access to 
which is from one direction only. Some conventional 
fasteners require deformation to hold tissue and are 
consequently limited since they require complex 
applicators to attach them into tissue. Other 
conventional fasteners lack high retentive surface area 
for securely holding tissue. Still other 
fastener/applicator systems require access to tissue 
from two directions in order to accomplish attaching a 
fastener to tissue. Thus, the helical fastener and 
applicator of the present invention provides a superior 
means to attach fasteners to tissue. 

One embodiment of the present invention 
(FIGS. 1, ia and 5) is embodied in a helical fastener 
10 which is attached to tissue by employing a novel 
applicator 12 which rotates the fastener 10 into 
tissue. The dimensions and physical characteristics of 
the helical fastener 10 are selected to insure a secure 
attachment of the fastener 10 to tissue. Similarly, 
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the dimensions and physical characteristics of the 
applicator 12 utilized to dispense the fasteners 10 
into tissue are dependent upon the application. 

In a preferred embodiment, the fastener 10 is 
5 formed into the configuration of a continuous helix and 
may have a depth 16, a diameter 18 and a pitch 2 0 
determined by the application. The continuous helix 
may be longitudinally collapsible and expandable. The 
cross-sectional profile of the continuous helix is 

10 substantially circular in the preferred embodiment but 
can be square, rectangular or triangular. In a 
particular application such as mesh anchoring for 
hernia repair, the pre-formed pitch can be .050 inches. 
However, the pre-formed pitch can vary from 0 to a 

15 maximum of approximately 3.0 times the coil diameter. 

In other embodiments, it is contemplated that the pitch 
20 vary along the length of the fastener 10 so as to 
optimize the retaining force of the fastener 10. 
Moreover, since the continuous helical coil is 

20 preferably longitudinally collapsible and expandable, 
upon insertion into tissue, the final pitch 31 may be 
less than or greater than the pre-formed pitch. If the 
coil is made of rigid construction, as is also 
contemplated, pitch would be made substantially fixed. 

25 The diameter in the preferred embodiment may be 5 mm; 
however, designs ranging from 1 mm and up are 
contemplated. In practice, the depth 16 of the 
fastener 10 must be selected so that the extent of 
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fastener penetration into tissue is sufficient to hold 
the fastener 10 in place. 

Moreover, distal end 22 of the fastener 10 is 
to be configured such that a gap 23 exists between the 
most distal coil 27 (or first coil) of the fastener 10 
and its adjacent coil. As may be appreciated from the 
preferred embodiment of FIGS. IB through IE, as the 
fastener 10 is pressed against tissue 25, all of the 
coils substantially collapse except the most distal 
coil 27, leaving the gap 23 to determine the path the 
fastener 10 takes as it is rotated into the tissue 25 
and more importantly, the extent of penetration 29 into 
the tissue 25 and final pitch 31 of the fastener 10 in 
tissue. Although FIG. IB shows substantially all of 
the coils being collapsed, it is to be appreciated 
that, depending upon the applicator utilized to implant 
the fastener 10, fewer coils than all of the coils may 
be collapsed at any one time, it remains, however, 
that since the fastener 10 is longitudinally 
collapsible and expandable, it is the gap 23 that 
generally determines final pitch 31. Accordingly, the 
magnitude of the gap 23 can be varied, depending upon 
the application, to achieve the desired final pitch 31 
and penetration 29 in tissue. Thus, the greater the 
gap 23, upon insertion of the fastener 10 in tissue, 
the greater the penetration 29 and final pitch 31 of 
the fastener 10 in tissue. 
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In the preferred embodiment, the distal end 
22 of the helical fastener 10 terminates with a point 
24. The point 24 may be sharp or blunt depending upon 
the tissue to which the fastener 10 will be affixed. 
5 Additionally, one or more barbs or a sharp point 

projecting in reverse direction to point 24 (not shown) 
can be added to fastener 10 near point 24 to enhance 
anchoring characteristics of the fastener. A 
proximal end 26 of the helical fastener 10 may comprise 

10 structure functioning to receive and transmit applied 
longitudinal forces. In the preferred embodiment, the 
most proximal coil is formed into a T-bar 3 3 that 
perpendicularly sections the diameter 18 of the 
fastener 10. In alternate embodiments, it is also 

15 contemplated that the most proximal coil section the 
diameter 18 non-perpendicularly or be formed into a 
spiral 35 existing in a single plane (See FIG. IF). 

Concerning the material of the helical 
fastener 10, it is contemplated in the preferred 

20 embodiment that the fastener be made from semi-stiff 
implantable wire, such as titanium, wound into a 
helical shape. In alternate embodiments, the helical 
fastener 10 may comprise plastic or absorbable 
materials. Examples of materials that can be used in 

25 constructing the helical fastener 10 include titanium, 
titanium alloys, stainless steel, nickel, chrome alloys 
and any other biocompatible implantable metals. Other 
options for materials are liquid crystal polymers, 
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HDPE, polyglycolic acid,; and polyglycolid hydroxgacetic 
acid. Further, it may also be desirable to coat the 
fastener, or a portion thereof, with a biocompatible 
lubricious material that provides for easier delivery 
5 of the fastener into tissue. 

In another embodiment of the surgical 
fastener, the fastener 110 is formed into the 
configuration of a double helix (See FIGS. 2-2C) . By 
embodying a double helix, the fastener 110 has 
10 increased retentive strength as well as means to 

balance the fastener 110 as it is pressed into tissue. 
As with the helical fastener 10, the configuration of 
the double helical fastener 110, i.e., the pre-formed 
pitch and diameter, may be varied for a particular 
15 application and a barb may be employed to enhance 
anchoring in tissue. Moreover, the materials 
contemplated are the same as those for the helical 
fasteners. Further, the double helical fastener 110 is 
also longitudinally collapsible and expandable and its 
20 final pitch is dependent upon the gap 112 existing 

between the most distal coils 114, 115 of the fastener 
110 and their adjacent coils. 

Regarding the proximal 118 and distal 120 
ends of the double helical fastener 110, they comprise 
25 structure to drive the fastener into tissue as well as 
tissue piercing structures. The proximal end 118 has a 
connector bar 122 sectioning the diameter of the 
fastener that connects one helical coil to another and 
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f unctions to receive and; transmit longitudinal forces. 
The distal end 120 terminates with two points 124, 125 
for piercing and facilitating the implantation of the 
fastener 110 into tissue. 

As may be appreciated by comparing FIGS. 2-2D 
with FIGS. 3-3D, it is contemplated that the double 
helical fastener 110 have a full turn design (FIGS. 2- 
2D) as well as a half turn design (FIGS. 3-3D) . It is 
to be understood, however, that the designs having more 
than one turn and having other increments of turns are 
contemplated. It is the applicator that will determine 
the required number of turns for a specific fastener 
110. 

In yet another embodiment of the surgical 
fastener, as shown in FIG. 4, the double helical 
fastener 110 is provided with a pivot post 13 0 having a 
pointed terminal end 132. The pivot post 130 of this 
embodiment operates to provide the fastener 110 with a 
stabilizing element so that, as the fastener no is 
being turned, the helical coils cooperatively enter the 
tissue. 

The applicator 12 (FIG. 5) comprises a 
proximal portion 28 having a handle 3 0 and an actuator 
32 and a cooperating elongated distal portion or 
cannula 34 housing a plurality of fasteners, in 
general, through the manipulation of the actuator 32, 
the fasteners are ejected, one by one, out of a distal 
portion 34 and into body tissue. The applicator 12, 
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hereinafter described in: more detail, is equally 
proficient in driving each of the embodiments of 
fasteners set forth above into tissue. 

In more detail (see FIGS. 6 and 6A) , the 
5 distal portion 34 comprises an outer tube 36 housing a 
rotator 38, a lock/clip indicator 40 and a load spring 
42. Extending longitudinally along the rotator 38 is a 
groove 44 which operates to receive the most proximal 
coil sectioning the fastener. Although FIG. 6 shows 
10 only a single fastener (having a single helical design) 
retained by the rotator 38, it is to be appreciated 
that the rotator 38 may receive a plurality of 
fasteners (having a single or double helical design) , 
wherein each fastener has its last coil positioned 
15 within the rotator groove 44. Moreover, although not 

depicted in FIG. 3, it is also contemplated that rather 
than embodying a groove, the rotator 38 has a cross- 
sectional profile approximately a "D", wherein the flat 
portion operates to engage the coil sectioning the 
20 fasteners. Irrespective of the configuration of the 
rotator, however, the rotator is to embody structure 
functioning to engage a plurality of fasteners and to 
facilitate turning them into tissue. 

It is also to be appreciated that load spring 
25 42 applies a force through the lock clip indicator 40 
to bias the plurality of fasteners distally. The lock 
clip/ indicator 40 may comprise a simple washer sized 
and shaped to engage the fasteners and rotator 38 as 
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well as to receive forces from the load spring 42. 
Additionally, lock/clip indicator 40 serves as a jam 
stop to prevent further actuation by rotator 38 upon 
discharge of all fasteners by mating with, or abutting 
5 against, structure comprising the terminal end 50 and 
preventing further rotation. Lock/ indicator 40 can be 
made of a color (or shape) to serve as an empty 
indicator notifying the user that no more fasteners are 
available. Other embodiments of the indicator 4 0 may 

10 be utilized as long as they function to transmit forces 
to bias the fasteners distally. The load spring 42 is 
to be retained within the outer tube 36 and to have 
physical characteristics such that sufficient forces 
may be applied through a front end 4 3 to a last 

15 remaining fastener contained within the applicator 12. 
A back end (not shown) of the load spring 42 may be 
placed against any stationery structure within the 
outer tube 36, thereby providing a foundation against 
which the spring 42 may be compressed. In a preferred 

20 embodiment, the load spring 42 extends substantially 
the length of the distal portion 34. 

In the preferred embodiment (FIGS. 7 and 7A) , 
the outer tube 3 6 is configured with a thread form 201 
comprising an interlock spring 2 03 fixedly retained 

25 within the outer tube 36 and extending substantially 
the length thereof. The interlock spring 203 may be 
fixedly retained within the outer tube 3 6 by ensuring a 
tight interference between the parts or the interlock 
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spring may be spot welded or equivalently bonded within 
the outer tube. The thread form 201 operates to guide 
the fasteners through the distal portion 34 and to 
eject them from the applicator 12. 

In another embodiment of the applicator 12 
(FIGS. 8 and 8A) , attached at a terminal end 46 of the 
distal portion 34 may be a nose piece 48. The nose 
piece 48 may further comprise a protrusion 50 extending 
perpendicularly and towards a longitudinal axis 52 of 
the distal portion 34. This nose piece protrusion 50 
also functions to engage the surgical fasteners and to 
force them from the terminal end 46 of the distal 
portion 34 as well as engaging lock/clip indicator 40 
as described above. 

In other embodiments of the applicator 12, 
the distal portion embodies other structure or thread 
forms functioning to engage the surgical fasteners and 
guide them out of the applicator and into tissue (See 
FIGS. 9-14). In FIGS. 9 and 9A, the outer tube 36 is 
rolled at its terminal end 46 and a 180° portion of the 
rolled terminal end is cut away. The remaining rolled 
portion engages the fastener while the portion cut away 
provides an exit for the fasteners. The embodiment 
depicted in FIGS. 10 and 10A is similar to that of 
FIGS. 9 and 9A, the difference being that instead of 
removing a portion of the rolled terminal end 46, it is 
stamped or deformed to thereby provide an exit. FIGS. 
11 and 11A show yet another embodiment, wherein two 
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longitudinally spaced apart stabilizing points 301, 302 
are formed 18 0° from each other within the outer tube. 
These stabilizing points also operate to engage the 
fastener and guide it into tissue. Turning to FIGS. 
5 12, 12A, 13 and 14, they each comprise a terminal end 
46 formed with threads which operate to engage and 
eject a fastener. In FIGS. 12 and 12A are depicted 
threads machined or formed solely within the inside of 
the outer tube. FIG. 13 shows an internally threaded 

10 sleeve attached to the outside of the terminal end 46 
of the outer tube 36. FIG. 14 illustrates an 
applicator 12 provided with a terminal end 4 6 deformed 
so as to have internal and external threaded 
structures. Irrespective of the design chosen for the 

15 terminal end of the applicator, however, each of the 
designs are effective with a relatively small overall 
outer diameter, i.e., on the order of 5mm. 

In order to eject surgical fasteners from the 
distal portion 34, the actuator 32 functions to turn 

20 the rotator 38. As the rotator turns, the distal end 

22 of a fastener is threaded out of the terminal end 46 
of the applicator 12 (see FIG. 5) . 

In the preferred embodiment of the proximal 
portion 28 of the applicator 12 (See FIG. 5), a lever 54 

25 is pivotal ly connected about a midpoint 56 to the 

handle 30. A first end 58 of the lever 54 is to be 
configured for gripping by hand. A second end 60 of 
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the lever is to be adapted to pivotally engage a nut 
driver 62. 

The nut driver 62 of the applicator 12 
travels upon a high helix lead screw 64 which is 
5 rotatably mounted within the proximal portion 28. In 
the preferred embodiment, a longitudinal axis of the 
high helix lead screw 64 is coaxial with the 
longitudinal axis 52 extending through the distal 
portion 34 of the applicator 12. Upon manipulation of 
10 the lever 54, the nut driver 62 travels along the lead 
screw 64 causing it to rotate through a connection of 
the lead screw 64 to the rotator 38, the action of the 
lead screw causes the rotator to rotate. The lead 
screw 64 may be connected to the rotator 38 by any 
15 conventional means. For instance, the lead screw 64 

can have an internal bore receiving and engaging an end 
of the rotator 38. Further, the length of travel of 
the nut driver 62 along the lead screw 64 is chosen 
such that it causes the rotator to rotate a 
20 predetermined number of times so that a single helical 
fastener 10 is ejected from the applicator 12. 

Additionally, in the preferred embodiment, 
the lever further comprises a midsection extension 66. 
Pivotally attached to the midsection extension 66 of 
25 the lever 54 is contemplated to be a spring loaded pawl 
68 adapted to releasably engage gear teeth 70 formed in 
the interior of the handle 30. Spring loaded pawl 68 
is configured to prohibit the 'lever 54 from 
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backstroking until it has been completely depressed. 
Upon complete depression of the lever 54, the pawl 68 
clears the gear teeth 70 and the spring biasing the 
pawl 68 rotates the pawl 68 away from the teeth 70, 
5 thereby allowing the lever 54 to return to its 
undepressed condition. 

In operation, upon complete depression of the 
lever 54, the nut driver 62 travels a pre-determined 
distance along the lead screw 64, causing the rotator 

10 38 to rotate a pre-determined number of revolutions 
corresponding to a number of turns of a particular 
helical fastener 10. As the rotator 38 rotates, the 
fasteners retained by the rotator also rotate and the 
coils of the most distal fastener are threaded out of 

15 the terminal end 46 of the applicator 12 and into 

tissue. Moreover, where the lever 54 is only partially 
depressed, the spring loaded pawl 68 operates to hold 
the lever 54 stationery and will continue to function 
to hold the lever 54 stationery until the lever 54 has 

20 been completely depressed. In this way, the delivery 
of fasteners into body tissue is controlled so that 
only a single fastener may be completely ejected out of 
the applicator 12 and pressed into body tissue at a 
time. 

25 In the preferred embodiment, the proximal 

portion 28 is fabricated to have a reusable handle that 
can be re-sterilized, and the distal portion is made 
disposable. Thus, upon discharge of all the fasteners 
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10 from distal portion 34, the distal portion would be 
discarded and replaced. The handle could be reused up 
to a limited number of procedures. 

In another embodiment of the proximal portion 
5 328, of the applicator 312 (FIG. 15), a lever 354 is 
pivotally connected at a first end 355 to the handle 
330 and biased to its undepressed position by a spring 
357. The mid-section 358 of the lower 354 is 
configured for gripping by hand. A second end 360 of 
10 the lever is to be adapted to pivotally engage a nut 
drive 362. 

The nut driver 362 of the applicator 312 
travels along a high helix lead screw 364 which is 
rotatably mounted within the proximal portion 328. 

15 Upon manipulation of the lever 354, the nut driver 

travels along the lead screw 3 64 causing it to rotate 
and, through a clutch assembly or a releasable 
connection of the lead screw 364 to the rotator 38, the 
action of the lead screw causes the rotator to rotate. 

20 Further, the lever 354, has a mid-section 

extension 366 that cooperates with a spring biased 
latch pawl mechanism 368 fixed to the handle adapted to 
releasably engage teeth 370 formed on the mid-section 
extension 366. The spring biased latch pawl is 

25 configured to prohibit the lever 354 from backstroking 
until it has been completely depressed. Upon complete 
depression of the lever 354, the latch pawl 368 clears 
the mid-section teeth 370 and the spring biased latch 
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pawl 368 rotates away from the teeth, thereby allowing 
the lever 354 to return to its undepressed condition. 

As stated, there is a releasable connection 
between the lead screw 364 and the rotator. The 
5 releasable connection provides the applicator with 

means to disengage the distal portion of the applicator 
from the proximal portion. In this way, the proximal 
portion can be re-used with various different designs 
of the proximal portion. Further, while the lever 3 54 

10 is being depressed, the clutch assembly or releasable 
connection functions to transfer the rotation of the 
lead screw 364 to the rotator 38, thereby causing the 
rotator to rotate. Additionally, upon complete 
depression of the lever, the clutch assembly operates 

15 to allow relative motion of the lead screw 364 and the 
rotator. 

One such releasable connection contemplated 
is a conventional ratchet mechanism. As shown in FIGS. 
16-16D, the distal end 370 of the lead screw 364 has a 

20 connecting surface 372 equipped with leaf springs 374, 
376 each having an engaging face 377 and an internal 
bore 378 existing coaxially with a longitudinal axis of 
the lead screw. The proximal end 380 of the rotator 38 
has a cooperating connecting surface 382 having ridges 

25 384 for releasable engagement with the leaf springs 

374, 376 and an extension 386 adapted to fit within the 
internal bore of the lead screw connecting surface. As 
may be appreciated from the FIGS., as the lead screw 
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turns so that the ridges: 384 contact the engaging faces 
377 of the leaf springs 374, 376, the rotation of the 
lead screw 364 will cause the rotator 38 to likewise 
rotate. Where the lead screw is turned in the opposite 
5 direction, the ridges 384 will not engage the engaging 
face of the leaf springs and the motion of the lead 
screw 384 will not be transferred to the rotator 38. 

In this embodiment, upon complete depression 
of the lever 354, the nut driver 362 travels a pre- 
10 determined distance along the lead screw 364, causing 
the rotator 38 to rotate a pre-determined number of 
revolutions. As the rotator 38 rotates, the fasteners 
retained by the rotator also rotate and the coils of 
the most distal fasteners are threaded out of the 

15 applicator and into the tissue. At this point, the 

latch pawl mechanism 368 disengages from the teeth 370 
and the lever 354 is returned to its undepressed 
position by spring 357. As with the previous 
embodiment of the proximal portion 28, the proximal 

20 portion of this embodiment functions to allow only a 
single fastener to be completely ejected from the 
applicator and be pressed into body tissue at a time. 

In other embodiments, means to cause the 
rotator to rotate may comprise a single knob connected 

25 to a rotator which can be turned by hand. 

Additionally, the revolving means may include a rack 
and gear structure or a set of beveled gears. Further, 
instead of comprising a groove, the rotator may be 
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internally threaded, wherein the threaded portions 
function to house as well as advance the helical 
fasteners 10. Irrespective of the means or structure 
employed, however, it is contemplated that the number 
5 of revolutions of the rotator be set to a pre- 
determined parameter so that the delivery of helical 
fasteners to tissue may be controlled. 

From the foregoing, it will be appreciated 
that the helical fastener in applicator of the present 

10 invention functions to securely attach a fastener with 
high retentive surface area to tissue from one 
direction through the utilization of an applicator 
having a simple design. It is also to be appreciated 
that the present invention may be utilized in a number 

15 of applications including ligating tissue, hernia mesh 
repair, bladder neck suspension, and in conjunction 
with implant drug delivery systems or procedures 
involving positioning of surgical or implantable 
devices in patient. 

20 While several particular forms of the 

invention have been illustrated and described, it will 
also be apparent that various modifications can be made 
without departing from the spirit and scope of the 
invention. 

25 Thus, it should be understood that various 

changes in form, detail and application of the present 
invention may be made without departing from the spirit 
and scope of this invention. 
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1. A fastener for ligating tissue or 
attaching an implantable device, the fastener 
comprising: 

a continuous helical coil having a distal end 
and a proximal end; 

a first helical coil section at said distal 

end; 

tissue piercing means on said first coil; and 
means for inserting said continuous helical 
coil so that said continuous helical coil penetrates 
tissue to ligate the tissue to position and attach the 
implantable device. 



2. The fastener of claim 1, wherein said 
tissue piercing means is a point formed at a terminal 
end of said first helical coil section. 



3. The fastener of claim 2, wherein said 
point of said first helical coil section and an 
adjacent coil section define a gap, said gap adapted to 
determine depth of penetration and pitch of the 
fastener in tissue and retentive strength of the 
fastener to tissue. 
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4. The fastener of claim l, wherein said 
continuous helical coil has a uniform pitch between 
coils. 

5. The fastener of claim 1, wherein said 
continuous helical coil has a pitch between coils that 
can be varied by an applicator. 

6. The fastener of claim 1, wherein said 
continuous helical coil has a pitch sufficient to 
entrap tissue between coils. 

7. The fastener of claim 1, wherein said 
continuous helical coil has a pitch that can be 
increased as said fastener is inserted into the tissue. 

8. The fastener of claim 1, wherein said 
continuous helical coil has a pitch of .050 inches. 

9. The fastener of claim 1, wherein said 
continuous helical coil has a pitch range from 0 to a 
maximum of 3.0 times a diameter of said helical coil. 

10. The fastener of claim 1, wherein said 
means for inserting said continuous helical coil is a 
T-bar at said proximal end. 
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ll . The fastener of claim 10, wherein a 
rotational force and a longitudinal force is applied to 
said T-bar by an applicator that rotates and delivers 
said continuous helical coil into tissue. 

12. The fastener of claim 1, wherein said 
continuous helical coil is sized to fit within a 
cannula having a diameter of at least 1mm. 

13. The fastener of claim l, wherein at 
least a portion of said continuous helical coil is 
coated with a biocompatible lubricious material for 
facilitating delivery of the fastener into tissue. 

14. The fastener of claim 1, wherein said 
continuous helical coil is made from absorbable 
material. 

15. The fastener of claim l, wherein said 
continuous helical coil is made from a metallic 
material selected from the group of materials 
consisting essentially of titanium, titanium alloys, 
stainless steel and nickel chrome alloys. 

16. The fastener of claim l, wherein said 
continuous helical coil is made from a polymeric 
material selected from the group of materials 
consisting essentially of plastics, liquid crystal 
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10 polymers, HDPE, polyglycolic acid, and polyglycolid 
hydroxgacetic acid. 

17. The fastener of claim 1, wherein said 
continuous helical coil is longitudinally collapsible 
and expandable. 

18. The fastener of claim 1, further 
comprising one or more barbs projecting in reverse 
direction and positioned proximate to said tissue 
piercing means. 

19. A fastener for ligating tissue or for 
attaching an implantable device, the fastener 
comprising: 

a continuous helical coil having a distal end 
and a proximal end; 

a point on said distal end for piercing the 

tissue; 

a first helical coil section adjacent said 
distal end and having a gap between said point and said 
first helical coil section; and 

a T-bar section at said proximal end for 
engagement with an applicator for inserting said 
helical coil through the tissue to position and attach 
the implantable device. 



5 



10 
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20. The fastener of claim 19, wherein said 
gap is adapted to determine depth of penetration and 
pitch of the fastener in tissue and retentive strength 
of the fastener to tissue. 

21. The fastener of claim 19, wherein said 
continuous helical coil has a uniform pitch between 
coils. 

22. The fastener of claim 19, wherein said 
continuous helical coil has a pitch between coils that 
can be varied by the applicator. 

23. The fastener of claim 19, wherein said 
continuous helical coil has a pitch that can be 
increased as the fastener is inserted into the tissue. 

24. The fastener of claim 19, wherein said 
continuous helical coil is made from absorbable 
material. 

25. The fastener of claim 19, wherein said 
continuous helical coil is made from a metallic 
material selected from the group of materials 
consisting essentially of titanium, titanium alloys, 
stainless steel and nickel chrome alloys. 
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26. The fastener of claim 19, wherein said 
continuous helical coil is made from a polymeric 
material selected from the group of materials 
consisting essentially of plastics, liquid crystal 
polymers, HDPE, polyglycolic acid and polyglycolid 
5 hydroxgacetic acid. 



27. The fastener of claim 19, wherein said 
continuous helical coil is longitudinally collapsible 
and expandable. 



28. The fastener of claim 19, further 
comprising one or more barbs projecting in reverse 
direction and positioned proximate to said point. 



29. A fastener for ligating tissue or for 
attaching an implantable device, the fastener 
comprising: 

a continuous double helical coil having a 
5 distal end and a proximal end; 

said distal end terminating with dual points 
each for piercing the tissue; 

dual first helical coil sections adjacent 
said distal end each being associated with one of said 
10 dual points and each defining a gap therebetween; and 

a connecting bar at said proximal end for 
engagement with an applicator for inserting said double 
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helical coil through the; tissue to position and attach 
the implantable device. 

30. The fastener of claim 29, wherein said 
gap is adapted to determine depth of penetration and 
pitch of the fastener in tissue and retentive strength 
of the fastener to tissue. 

31. The fastener of claim 29, wherein said 
continuous double helical coil has uniform pitch 
between coils. 

32. The fastener of claim 29, wherein said 
continuous double helical coil has a pitch between 
coils that can be varied by the applicator. 

33. The fastener of claim 29 wherein said 
continuous double helical has a pitch that can be 
increased as the fastener is inserted into the tissue. 

34. The fastener of claim 29, where said 
continuous double helical coil is made from absorbable 
material. 

35. The fastener of claim 29, wherein said 
continuous double helical coil is made from a metallic 
material selected from the group of materials 



WO 96/03925 



PCT/US95/07270 



-36- 

consisting essentially of titanium, titanium alloys, 
5 stainless steel and nickel chrome alloys. 

36. The fastener of claim 29, wherein said 
continuous double helical coil is made from a polymeric 
material selected from the group of materials 
consisting essentially of plastics, liquid crystal 

5 polymers, HDPE, polyglycolic acid and polyglycolid 
hydroxgacetic acid. 

37. The fastener of claim 29, wherein said 
continuous double helical coil is longitudinally 
collapsible and expandable. 

38. The fastener of claim 29, further 
comprising a pivot post extending from said connecting 
bar and toward said distal end, said pivot post having 
a pointed terminal end. 

39. The fastener of claim 29, further 
comprising one or more barbs projecting in reverse 
direction and positioned proximate to said dual points. 

40. An applicator for attaching fasteners to 
body tissue comprising: 

a distal portion having an elongate outer 
tube, a connecting end and a terminal end; 
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a proximal portion having a handle and an 
5 actuator, said proximal portion attached to said 
connecting end of said distal portion; 

a rotator contained in said outer tube; 
said rotator adapted to receive a plurality 
of fasteners and adapted to cooperate with said 
10 actuator; and 

means for threading and ejecting the 
fasteners out of said terminal end. 

41. The applicator of claim 40, further 
comprising: 

a lock/ clip indicator adapted to engage said 
plurality of fasteners; and 
5 a load spring adapted to apply longitudinal 

forces against said lock/clip indicator and to bias 
said plurality of fasteners toward said terminal end. 

42. The applicator of claim 41, wherein said 
lock/clip indicator is configured to prevent actuation 
of said actuator upon discharge of said plurality of 
fasteners from the applicator. 

43. The applicator of claim 40, wherein a 
groove extends longitudinally along substantially the 
length of said rotator, said groove adapted to receive 
coils of said plurality of fasteners. 
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44. The applipator of claim 40, wherein said 
rotator has a cross-sectional profile approximating a 
D-shape and is adapted to receive coils of said 
plurality of fasteners. 

45. The applicator of claim 40, wherein said 
threading and ejecting means is a thread form contained 
in an interior of said terminal end adapted to engage 
said plurality of fasteners. 

46. The applicator of claim 45, wherein said 
thread form is an interlock spring fixedly retained in 
said interior of said terminal end. 

47. The applicator of claim 40, wherein said 
threading and ejecting means a nose piece attached to 
said terminal end, said nose piece having structure 
projecting perpendicularly toward a longitudinal axis 

5 of said outer tube and adapted to engage said plurality 
of fasteners. 

48. The applicator of claim 40, wherein said 
distal portion and said proximal position are 
releasably secured together. 

49. The applicator of claim 48, wherein said 
distal portion is disposable and said proximal portion 
is reusable. 
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50. The applicator of claim 40, wherein said 
actuator includes: 

a lever having a first end and a second end, 
said lever pivotally attached about a midpoint to said 
handle; 

said first end of said lever adapted to be 
5 gripped by hand; 

a lead screw rotatably attached to an 
interior of said handle; 

a nut driver, said second end of said lever 
pivotally attached to said nut driver, said nut driver 
0 adapted to travel along said lead screw, thereby 
turning said lead screw; and 

said lead screw attached to said rotator so 
that as the lever is depressed by hand the nut driver 
will travel along the lead screw toward said rotator 
5 thereby turning said rotator in the process. 

51. The applicator of claim 50, wherein said 
lead screw is a high helix lead screw. 

52. The applicator of claim 50, wherein said 
lever has a midsection extension. 

53. The applicator of claim 52, further 
comprising gear teeth formed within said interior of 
said handle. 
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54. The applicator of claim 53, further 
comprising a spring loaded pawl pivotally attached to 
said midsection extension and adapted to engage said 
gear teeth. 

55. The applicator of claim 40, wherein said 
actuator includes: 

a lever having a first end, a midsection, and 
a second end, said first end pivotally attached to said 
5 handle, said midsection adapted to be gripped by hand; 

a lead screw rotatably attached to an 
interior of said handle; 

a nut driver, said second end pivotally 
attached to said nut driver, said nut driver adapted to 
10 travel along said lead screw, thereby turning said lead 
screw; and 

means for said lead screw to releasably 
engage said rotator so that as the lever is depressed 
by hand, the nut driver will travel along the lead 
15 screw toward said rotator thereby turning said rotator 
in the process and so that when the lever is returned 
to its undepressed position, the lead screw will rotate 
in the reverse direction and independently of the 
rotator which remains stationary. 

56. The applicator of claim 55, wherein said 
lead screw is a high helix lead screw. 
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57. The applicator of claim 55, wherein said 
releasable engagement means is a ratchet mechanism. 

58. The applicator of claim 55, wherein said 
lever has a mid-section extension, formed in said mid- 
section extension are a plurality of teeth. 

59. The application of claim 58, further 
comprising a latch pawl cooperating with said teeth to 
prohibit said lever from backstroking until it has been 
completely depressed. 
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ANGIOSURGICAL DEVICE AND VASCULAR GRAFT AND VASCULAR ANNULUS 
FOR VESSEL-VASCULAR GRAFT BINDING 

This invention refers to the safe and blood-proof connection of 
5 a vessel with a vascular graft either by an automatic device or by 
hand. 

The anastomosis of a vessel to a vascular graft is problematic 
by nature due to the pathological and brittle state of the vessel wall in 
cases where part of the vessel must be replaced by a vascular graft 

10 e.g. aortic aneurysm and due to the presence of hydraulic pressures 
and pulse leading to sporadic ruptures of the wall by the stapler clip 
itself e.g. stitch employed for the anastomosis. 

The anastomosis of vessel - vascular graft must be blood- 
proof otherwise the patient's life is in great danger. 

15 The application of such an anastomosis requires the 

interruption of the blood flow through the vessel which is 
accomplished by the placement of a vascular clamp. The duration of 
the interruption of the blood flow is a major factor for the outcome of 
the operation and must be the least possible one considering the 

20 numerous side effects which it causes to the organism. 

The currently, extensively applied suturing means exerts great 
pressure against the vessel wall at the binding point due to its small 
diameter, resulting in ruptures of this wall, to a smaller or larger 
extent, frequently leading to uncontrolled haemorrhage. 

25 The present invention aims at the safe and blood-proof vessel- 

vascular graft binding eliminating increased tensions from the stapler 
clip to the vessel wall and consequently at the preservation of its 
integrity as well as the execution of this binding in less time. The 
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above mentioned are accomplished by the use of plug-button 
ligaments. The invention reveals the alternative ways of their use 
either by an automatic stapler equipped with such ligaments or by a 
vascular graft where the plug or the button or both parts of the 
5 ligaments are integrated or finally by the application of an annulus 
first to the vessel by plug-buttons ligaments and then to the vascular 
graft by a simple mechanic binding. 

The short description of the following figures refers to the 
realisation of the invention given as an example without the intention 
10 of limiting it. 

Figure 1 : Is the representation of the angiosurgical device. 

Figure 2: Is the representation of the attachment of the device, the 

shaft. 

Figure 3: Is the representation of the shaft coated by a vascular 
15 graft. 

Figure 4: Is the representation of a plug-button connector. 

Figure 5: Is the representation of the angiosurgical device equipped 

with plug-button connectors. 

Figure 6: Is the representation in cross-section of the angiosurgical 
20 device bringing the vascular graft to the suturing point. 

Figure 7: Is the representation of a vascular graft with free double 
ends at the edge. 

Figure 8: Is the representation of a vascular graft with free double 
ends and integrated plug - button connectors. 
25 Figure 9: Is the representation of the suturing of a vessel-vascular 
graft by plug-button connectors. 

During the referred suturing procedure, the vessel wall is 
maintained in contact with the wall of the vascular graft by 
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compression among the bases of a much larger surface than the 
transverse surface of the axis which penetrates the vessel wall. 

The attachment is accomplished as the axis of the connector 
penetrates the vessel and possibly the graft - unless the connectors 
5 are integrated in the graft as it is safely "locked" at the button 
receptor. 

The small differences in thickness of the vessel wall are 
covered either by the fact that, occasionally, the axis enters the 
button receptor at different depths or in the case of the integrated 
10 button in the vascular graft by the fact that the axis can enter the 
thickness of the graft wall. 

The placement and connection of the graft or the ring to the 
vessel can be employed either by the use of the described device or 
by hand as long as the connectors are integrated in them, either by 
15 clamp placed by each of the plug - button connectors. 

Referring to the invention in detail in figure (1) we can see an 
angiosurgical device which has an attachment at the shaft (11) and 
mobile mandibles which enclose the shaft and converge towards it 
during the suturing. The sutured elements are placed in between 
20 shaft-mandibles and pressed between the largest perimeter of the 
shaft and the corresponding points of the inner surface of the 
mandibles next to their edges (23). 

The shaft is bound to the main body of the device with a 
receptor (13), from which it can be detached, while the mandibles are 
25 bound to the main body by the articulations (22). 

Figure 2 shows a shaft which has a smooth free edge and its 
larger perimeter is next to this edge. The free edge of rounded or 
oval cross-section enters the vessel lumen as far as the largest 
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perimeter. 

Figure 3 shows a shaft coated by a vascular graft whose edge 
exactly covers the largest perimeter of the shaft (12). The vascular 
graft enters the vessel lumen together with the edge of the shaft. The 
5 vessel and vascular graft are compressed in between the shaft and 
mandibles when the device is used. 

Figure 4 shows a plug-button connector. The thin axis (42) 
penetrates the vessel wall and enters the button receptor (44) where 
it locks. The vessel wall is trapped among the wide bases of the 
10 plugs (41) and the buttons (43). 

Figure 5 shows the angiosurgical device equipped with plug- 
button connectors. The buttons (43), are at the largest perimeter of 
the shaft, in receptors, and the plugs (41) are at the corresponding 
points of the mandibles (23) in such a way so that during the 
15 convergence of the mandibles towards the shaft and the pressure on 
it each plug is bound with the corresponding button. 

Figure 6 shows the shaft (11), in cross-section at the suturing 
level, which has buttons (43) coated by graft (71) and around it the 
mandibles (21) which have the plugs (41). The buttons are uniformly 
20 distributed in the perimeter of the shaft. 

Figure 7 shows a vascular graft (71) which by adhesion, has 
parts made of its own material or of another bio-compatible material 
(72) which surround this edge of the graft and form free double ends. 

Figure 6 shows a vascular graft (71) with free double ends at 
25 its edge, which has integrated plug-button ligaments, the buttons (43) 
are at the edge of the outer surface of the graft tube, the plugs (41) 
are at the end of the inner part of the adhesive parts (72). The 
binding with the vessel is executed by trapping the edge of the 
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vessel between the cut ends of the graft connected to the plug- 
buttons connectors. 

Figure 9 shows the binding of a vessel to a vascular graft 
executed by the binding of each plug with the corresponding button. 
5 Figure 10 shows a vascular annulus (81) consisting of an 

integral tube that forms at its one edge free double ends, its inner cut 
end is formed by the edge of the tube (84) and the outer by the part 
or the parts which can converge and cover the outer surface of the 
inner cut end. 

10 At the edge of the outer surface of the inner cut end (84) are 

the buttons of the plug-button connectors and at the corresponding 
points of the inner surface of the outer cut end (83) are the plugs, in 
such a way that with the convergence of the two cut ends, the plug is 
bound to the corresponding button trapping the intermediately placed 

15 edge of the vessel. 

The other edge of the annulus (82) has a receptor for simple 
mechanic binding to the edge of the graft which has the 
corresponding receptor. 

Figure 11 shows a vascular annulus (81) integrated at the 

20 edge of the vascular graft (71) in a way that the vascular graft coats 
the whole inner surface of the ring. The annulus forms free double 
ends (41, 43) as described in figure 9, in a way that the trapping of 
the vessel (60) between the cut ends of the annulus can create 
integral continuity of the vessel-vascular graft contact. 
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CLAIMS 

1. The angiosurgical device is characterised by the fact that it is 
used for the binding of a vessel - vascular graft. This device has an 
oblong attachment, of unequal thickness, the shaft (11) is connected 
to the main body of the device and it can be covered by a vascular 
graft or a vascular ring. The device has mobile mandibles (21) joined 
to the main body of the device by articulations (22). The mandibles 
are perimetrically placed around the shaft, in a distance from the 
shaft, before the suturing. The device has a mechanism for the 
convergence of the mandibles and their approach towards the shaft 
during the suturing. 

2. The angiosurgical device according to the first claim above, is 
characterised by the fact that the upper shaft (11) is connected, by 
one edge (13), to the main body of the device from which it can be 
detached by exerting controlled pressure on the shaft and can be 
placed on it again. 

3. The angiosurgical device according to the 1st & 2nd claims 
above, is characterised by the fact that the free end of the shaft is 
made smooth, with a rounded or oval cross-section and next to this 
edge the largest perimeter of the shaft (12) is formed, where the 
edge of the graft or the annuius is placed. This perimeter, together 
with the edge of the graft or the annuius, enters the vessel lumen 
during the suturing procedure. 

4. The angiosurgical device according to the above claim, is 
characterised by the fact that the shaft has receptors at the point of 
its largest perimeter (12). The buttons or the plugs of the plug-button 
connectors are placed perimetrically to these receptors. 

5. The angiosurgical device according to the 1st claim above, is 
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characterised by the fact that the mobile mandibles (21) form a 
curved surface with the concave part towards the shaft, and is also 
characterised by the fact that the points of the inner side of the 
mandibles next to their free edge (23) correspond to the points of the 
largest perimeter of the shaft towards which they converge and form 
the perimeter (12) during suturing. 

6. The angiosurgical device according to the 5th claim above, is 
characterised by the fact that receptors exist, next to the free edges 
of the mandibles (23) and at their inner side. The plugs or buttons of 
the connectors that correspond to the ones on the shaft are attached 
on these receptors. 

7. The angiosurgical device according to the above claim, is 
characterised by the fact that during the suturing, the sutured 
elements, that is, the edge of the vessel and the edge of the graft are 
pressed together in between the corresponding points of the shaft 
(12) and the mandibles (23). 

8. This angiosurgical device according to the 7th claim above, is 
characterised by the fact that during the compression of the sutured 
elements between shaft-mandibles, each plug is bound to the 
corresponding button making the vessel - vascular binding 
permanent (figure 9). 

9. The vascular graft according to the 1st claim is characterised 
by the fact that next to one of its edges it has an attached part as of 
the graft or of another bio-compatible material (72). The parts 
encircle the corresponding part of the graft in a way that when these 
parts converge at the graft, their edges form the perimeter of the 
edge of the graft so that free double ends are formed at the edge, i.e. 
the inner cut edge from the integral tube of the vessel and the outer 
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cut edge from the attached parts. The free edge of the vessel is 
trapped in between the two cut ends during the suturing. 

10. The vascular graft according to the 9th claim is characterised 
by the fact that the integrated buttons or plugs of the plug-button 
connectors are on the inner surface of the outer cut end of the edge 
of the graft. And, the corresponding buttons or plugs are on the outer 
surface of the inner cut end, at corresponding points. During the 
suturing, each plug is bound to the corresponding button, 
permanently trapping the edge of the vessel between the two cut 
ends of the graft. 

1 1 . The vascular graft according to the 1 0th claim, is characterised 
by the fact that it is on the angiosurgical device as described in the 
1st requirement above. The main tube of the graft (72) is in contact 
with the inner surface of the mandibles (21) from which during the 
suturing they are pushed and pressed in a way that each plug is 
bound to the corresponding button, permanently trapping the edge of 
the vessel which was placed in-between the shaft and mandibles. 

12. The vascular annulus according to 1st claim above, is 
characterised by the fact that it can be the intermediate ligament 
between the vessel and vascular graft. This vascular annulus 
consists of bio-compatible elastic material and forms at its one edge 
free double ends, the inner cut end constitutes part of an integral 
tube (84) and has the buttons or the plugs of the plug-button 
ligaments at the edge of its outer surface. The outer cut end (83) has 
at the edge of its inner surface the corresponding plugs or buttons at 
corresponding points in a way that during the convergence of the two 
cut ends, each plug is bound to the corresponding button trapping 
the edge of the vessel which has been placed in-between. 
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13. The vascular annulus according to the 12th claim above, is 
characterised by the fact that the edge which does not form free 
double ends has a receptor for simple mechanic binding to the edge 
of the graft (82). 

5 14. The vascular annulus according to the 12th claim above, is 
characterised by the fact that is integrated at the edge of the vascular 
graft (Fig. 11) in a way that this edge of the graft covers the inner 
surface of the tube formed by the vascular annulus. 
15. The vascular annulus according to the 12th claim, is 

10 characterised by the fact that has an angiosurgical device as 
described by the 1st claim covering part of the shaft as far as its 
largest perimeter. The outer cut end is pressed by the mandibles to 
bind itself to the inner cut end of the annulus with the plug-button 
connectors, trapping the free cut end of the vessel which has been 

15 placed in between. 
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TITLE: A PROSTHESIS AND A METHOD AND MEANS OF 
DEPLOYING A PROSTHESIS 

FIELD OF INVENTION 



This invention relates to a method and means for introducing a expandable 
intraluminal prosthesis which may be straight, tubular or bifurcated in form 
and intended for the endovascular repair of diseased or damaged vessels 
1 0 and to a prosthesis which is suitable for such a procedure. 

Throughout this specification the terms proximal and proximally are used for 
a position or direction towards the patient's heart and the terms distal and 
distally are used for a position or direction away the patient's heart. 



BACKGROUND OF THE INVENTION 



1 5 The deployment of intraluminal prostheses into the lumen of a patient from a 

remote location by the use of a deployment device or introducer has been 
disclosed in a number of earlier patent specifications. 

United States Patent No. 4,562,596 in the name of Kornberg proposes the 
retention of a self expanding graft within a sleeve until it is to be deployed at 

2 0 which time the sleeve is withdrawn and the graft allowed to expand. After the 

graft has been released there is no possible control of the position of the 
distal end of the graft. Inadequate placement can render the entire 
deployment null and void. 

United States Patent No. 4,665,918 in the name of Garza et al proposes a 

2 5 system and method for the deployment of a prosthesis in a blood vessel. The 

prosthesis is positioned between a delivery catheter and an outer sheath and 
expands outwardly upon removal of the sheath. Once again after the 
prosthesis has been released by removal of the sheath there is no possible 
control of the position of the either end of the prosthesis. 

3 0 United States Patent No. 4,950,227 in the name of Savia et al proposes the 

delivery of a stent by mounting the stent to the outside of an inflatable 
catheter and retaining the ends of an unexpanded stent by fitting sleeve over 
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either end of the stent. Expansion of the stent is caused by inflation of the 
catheter between the sleeves so that the ends of the stent are withdrawn from 
the respective sleeves and the stent released and expanded into position. 
This system provides very little control over the deployment procedure and in 
5 practice would be impractical for intraluminal deployment where accuracy is 
vital. 

European Patent specification No. 472 731 In the name of Inoue proposes an 
artificial tube prosthesis to be inserted into a human organ in a folded 
condition retained within a catheter and released to expand within the organ. 
1 0 Deployment is achieved by retention of the proximal end of the prosthesis by 
wires passing through a tube through the middle of the prosthesis while 
withdrawing the catheter. A balloon is then used to expand the prosthesis. 
Once again after the prosthesis has been released by removal of the catheter 
there is no possible control of the position of the distal end of the prosthesis. 

1 5 United States Patent No. 5,071 ,407 in the name of Termin et al proposes the 

delivery of a stent by retaining the stent in an elastically deformed condition 
between a catheter and a sheath. The proximal end of the stent is retained at 
the catheter. The stent is allowed to expand by removal of the sheath and 
optional balloon expansion. No indication is given of any method for release 

2 0 of the stent from the catheter or how the distal end of the stent can be 

positioned accurately. 

Australian Patent Application No. 669,338 in the name of Chuter proposes a 
delivery arrangement for transluminal^ positioning a prosthesis at a 
particular position on an internal wall of a lumen. The delivery arrangement 

2 5 has an outer sheath to surround the prosthesis and a retention arrangement 

to hold the prosthesis in a selected position during removal of the sheath 
before final release. 

Australian Patent Application No. 671 ,910 in the name of Endovascular 
Technologies, Inc. proposes a delivery arrangement for positioning a 

3 0 prosthesis within a lumen. It has capsules which retain each end of the 

prosthesis and a balloon arrangement to expand the prosthesis when the 
capsules have been retracted to release the prosthesis. A sheath is used to 
protect the prosthesis during insertion. Once the capsules have been 
withdrawn there is no method provided to ensure that the ends of the 
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prosthesis are correctly positioned. 

It is the object of this invention to provide a graft and a method and apparatus 
to deploy the graft prosthesis which will overcome at least some of the 
problems discussed above or at least provide an alternative arrangement to 
5 the prior art systems described above. 

BRIEF DESCRIPTION OF THE INVENTION 

According to one aspect of the present invention there is provided an 
introducer for positioning an expandable endovascular prosthesis In a lumen 
of a patient, the prosthesis having a proximal portion and a distal portion, the 

1 0 introducer comprising a prosthesis positioning mechanism selectively 

releasable from the prosthesis when the prosthesis is positioned at a desired 
site in the lumen of a patient, a first control member controlling at least the 
longitudinal position of the proximal portion of the prosthesis; and a second 
control member controlling at least the longitudinal position of the distal 
1 5 portion of the prosthesis. The prosthesis positioning mechanism can include 
a distal attachment region and/or a proximal attachment region. The distal 
attachment region can include a distal attachment device. The proximal 
attachment region can include a proximal attachment device. The prosthesis 
positioning mechanism can preferably include a control arrangement for 

2 0 controlling the length of the prosthesis. The prosthesis positioning 

mechanism can also preferably include a rotational arrangement by which 
the relative angular orientation of the proximal and distal portions of the 
prosthesis can be adjusted. This prosthesis positioning mechanism can 
singly or in combination also adjust the angular orientation of the prosthesis 

2 5 The introducer can also preferably comprise an expansion control 

mechanism for controlling expansion of the prosthesis when the prosthesis is 
positioned at the desired sits in the lumen of the patient. 

According to another aspect of the present invention therein provides an 
endovascular arrangement for positioning an expandable prosthesis at a 

3 0 desired location in a lumen of a patient, said arrangement comprising a 

control section to be maintained external to the patient, and a prosthesis 
positioning mechanism controllable by the control section for moving and 
manipulating the prosthesis to a desired location in the lumen, wherein a first 
member extends from the control section to a proximal region of the 



WO 98/53761 



PCT/AU98/00383 



positioning mechanism, the proximal region of the positioning mechanism 
having means for controlling the proximal end of the prosthesis, wherein a 
second member extends from the control section to a distal region of the 
positioning mechanism, the distal region having means for controlling the 
5 distal end of the prosthesis in cooperation with the second member. The 
arrangement further preferably comprises contraction means for containing 
self-expanding stents of the prosthesis during insertion of the prosthesis 
positioning mechanism into the lumen and/or expansion means for 
expanding expandable stents of the prosthesis when the prosthesis is 
1 0 positioned at the desired site in the lumen of the patient. The contraction 
means preferably includes tubular means that extends from the control 
section to the positioning mechanism and serves to contain the prosthesis 
during insertion of the positioning mechanism into the lumen and to control 
the distal end of the prosthesis when the tubular means has been moved in a 

1 5 distal direction relative to the first and second members, relative movement 

between the first and second members enabling manipulation of the 
prosthesis when in the lumen. The expansion means includes at least radial 
means such as preferably an inflatable balloon for radially expandable stents 
of the prosthesis when the prosthesis is positioned at the desired location in 

2 0 the lumen. The first and second members can be contained within the said 

tubular means. Means can be provided for clamping the first and second 
members together during insertion of the prosthesis and for releasing the first 
and second members prior to the manipulation. Expansion of a non self 
expanding prosthesis can be performed by expansion of a balloon located 

2 5 around the first member and within the prosthesis, said balloon being 

inflatable from the control section. The proximal region of the attachment 
mechanism can contain tubular means for containing the proximal end of the 
prosthesis prior to final positioning thereof, and release of the prosthesis from 
the tubular means can be achieved by proximal movement of the first 

3 0 member The second member has means for controlling the distal end of the 

stent whilst the latter is inside tubular means. The arrangement can further 
comprise release mechanisms in the control section for controlling wires 
extending to respective stents of the prosthesis, The prosthesis positioning 
mechanism can preferably include a control arrangement for controlling the 
3 5 length of the prosthesis, The prosthesis positioning mechanism can also 
preferably include a rotational arrangement by which the relative angular 
orientation of the proximal and distal portions of the prosthesis can be 
adjusted. This prosthesis positioning mechanism can singly or in 
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combination also adjust the angular orientation of the prosthesis. The 
introducer can also preferably comprise an expansion control mechanism for 
controlling expansion of the prosthesis when the prosthesis is positioned at 
the desired site in the lumen of the patient. 

5 The above introducer and/or arrangement can be used to locate expandable 
prosthesis or self-expandable prosthesis. If the former are used, then one or 
more balloons, inflatable from a control section or external the patient, can be 
used. 

The first member in the endovascular arrangement can either be fixed to an 

1 0 extension or the member can actually be shaped into the form of the 

extension . 

The first and second control members of the introducer can singly or in 
combination preferably include a trigger wire positioned at the proximal 
and/or distal ends of the prosthesis. The trigger wire(s) can preferably extend 
15 to one or more release mechanisms external to patient for releasing the 

prosthesis from the positioning mechanism when the prosthesis is positioned 
at the lumen site in the patient. 

Some form of container or expansion control mechanism can be used to 
contain that end while the remainder of the prosthesis is being manipulated 

2 0 in the lumen of the patient It is after the manipulation has been executed that 

the container is removed by operation of the various control members. 

In another aspect of the invention, the introducer or endovascular 
arrangement of the invention can also comprise a control arrangement for 
controlling the length of the prosthesis during the manipulation in the patient. 

2 5 In one aspect, the control arrangement or members can preferably include 

coaxial tubes which are connected to the respective ends of the prosthesis 
for rotation thereof When the control members are locked together, the entire 
prosthesis can be rotated in the lumen of the patient. Alternatively, the control 
arrangement and/or members can be individually controlled for rotating the 

3 0 relative ends of the prosthesis with respect to each other In the same or 

opposite directions. 

The sleeve can be independently located relative to the control arrangement 
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and/or the first and second control members. The control arrangement or 
members can also be contained within the sleeve. The sleeve can preferably 
be a tube, wraps of wire, or can be a tube with wire therein. The 
aforementioned trigger or release wires can also be contained in the sleeve 
5 tube or in the wall of the tube. 

With respect to expandable prosthesis, the expansion means for expanding 
expandable stents of the prosthesis can preferably include one or more 
balloons (more preferably three balloons) for advantageously and 
independently expanding the proximal and distal portions of the prosthesis 
10 as well as the mid section thereof. 

In an alternate form the invention may be said to reside in an introducer 
adapted for the introduction of a self expanding endovascular prosthesis into 
a lumen of a patient, the prosthesis having a proximal end and a distal end, 
the introducer comprising, a proximal attachment device adapted to be 

1 5 attached to the proximal end of the prosthesis, a distal attachment device 

adapted to be attached to the distal end of the prosthesis, each of the 
proximal and distal attachment devices attaching to the prosthesis in such a 
manner that the prosthesis can be held in tension therebetween and that 
each end of the prosthesis can be individually moved in proximal and distal 

2 0 directions and be rotated, and proximal releasing means associated with the 

proximal attachment device and distal releasing means associated with the 
distal attachment device to enable selective releasing of the proximal and 
distal ends of the prosthesis. 

In a preferred form of the invention the proximal attachment means has a 

2 5 long tapering flexible extension on its proximal end to facilitate insertion of 

the introducer into a body lumen and its advancement along the lumen. 

The proximal attachment device may be mounted on a flexible thin walled 
tube which extends in a distal direction from the proximal attachment device 
to an external manipulation section of the introducer which is adapted to 

3 0 remain external of the patient. 



The thin wall metal tube may include fluid connection means external of the 
patient to enable the introduction of a medical reagent therethrough. 
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The long flexible extension may include a hollow tube therethrough in fluid 
communication with the thin wall metal tube and a plurality of side holes to 
enable dispersion of the medical reagent proximal of the prosthesis. 

In a preferred form of the invention the distal attachment device is mounted 
5 on a flexible thick walled tubing and coaxial on the thin walled tube and 
extending in a distal direction to the external manipulation section and 
mounted such that the respective tubes can be moved together or 
independently. 

There may be further included a haemostatic seal between the thin walled 
1 0 tube and the thick walled tube in the manipulation section. 

There may be further included means to introduce a medical reagent into an 
annular space defined between the thin walled tube and the thick walled 
tube. 

In a preferred form of the invention there may be a proximal trigger wire 

1 5 extending from the proximally attachment device to the manipulation section, 

the proximal trigger wire being adapted to activate the proximal releasing 
means and a distal trigger wire extending from the distal attachment device to 
the manipulation section, the distal trigger wire being adapted to activate the 
distal releasing means. 

2 0 In a preferred form of the invention there may be included an external release 

mechanism for each of the proximal trigger wire and distal trigger wire, the 
external release mechanism adapted to prevent accidental release of the 
trigger wires and to allow release of the distal releasing means only after 
release of the proximal releasing means. 

2 5 Preferably there is a haemostatic seal around the respective trigger wires in 

the manipulation section. 

The introducer may also include an external sheath extending from external 
of the patient to cover and compress the prosthesis during insertion of the 
introducer into a patient and movable longitudinally from outside the patient 

3 0 to expose the prosthesis. 
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The external sheath may be coaxial with and a sliding fit on the thick walled 
tube. The external sheath may have a proximal end which is tapered and 
smoothed to present a low resistance to advancement of the introducer 
during insertion. The proximal end of the external sheath may also be 
5 adapted to have a tight fit on to the proximal attachment device. 

Preferably the distal attachment device is of a streamlined shape and is 
adapted to be advanced to the proximal attachment device whereby to allow 
smooth retrieval through the released prosthesis and into the external 
sheath for removal from a patient. 

1 0 The introducer according to this invention may be used with a straight tubular 

self expanding prosthesis or it may be used where the prosthesis is a 
bifurcated prosthesis. 

The introducer according to this invention may be used where the lumen of 
the patient is an aorta and the prosthesis is adapted to repair an aortic 
1 5 aneurism. 

In an alternative form the invention is said to reside in a method of placing a 
prosthesis into an internal lumen by means of an insertion assembly the 
method including the steps of; inserting the insertion assembly including the 
prosthesis into the internal lumen, withdrawing a sheath from the insertion 

2 0 assembly to expose the prosthesis, releasing the prosthesis from the 

insertion assembly, replacing the sheath onto the insertion assembly, and 
retracting the insertion assembly. 

Preferably the prosthesis has a proximal end and a distal end and the 
insertion assembly includes a proximal attachment device and a distal 

2 5 attachment device adapted to retain the proximal and distal ends of the 

prosthesis respectively and the step of releasing the prosthesis includes the 
steps of releasing the proximal end and then the distal end. 

The step of replacing the sheath onto the insertion assembly may include the 
step of advancing the distal attachment device up to the proximal attachment 

3 0 device and withdrawing the two devices together. 

Between steps (b) and (c) the prosthesis may be manipulated by respective 
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movements longitudinally and rotationally of the proximal attachment device 
and distal attachment device to correctly position the prosthesis. 

Where the prosthesis is a bifurcated prosthesis the step of withdrawing the 
sheath may include the steps of withdrawing the sheath to a first position in 
5 which a side arm of the prosthesis is exposed, insertion of an extension 
prosthesis into the side arm and then full removal of the sheath from the 
prosthesis. 

Preferably the step of insertion of the extension prosthesis into the side arm 
comprises the steps of, inserting an extension insertion assembly into the 
1 0 side arm, the extension insertion assembly including a top guide mounted on 
a catheter, an extension prosthesis on the catheter and a sheath retaining the 
extension prosthesis and extending over the top guide, withdrawing the 
sheath to expose and deploy the extension prosthesis, withdrawing the 
sheath, top guide and catheter together. 

1 5 The top guide may include a long proximal nose extension and the catheter 

may include a distal stop with the extension prosthesis being mounted 
between the distal stop and the top guide. 

In an alternative form the prosthesis is a bifurcated prosthesis and the step of 
withdrawing the sheath includes the steps of withdrawing the sheath to a first 

2 0 position in which a first side arm of the prosthesis is exposed, insertion of a 

first extension prosthesis into the first side arm, then full removal of the sheath 
from the prosthesis to expose a second side arm and then insertion of a 
second extension prosthesis into the second side arm. 

The steps of insertion of the first and second extension prosthesis into the first 

2 5 and second side arms comprises the same steps as discussed above. 

In a further form the invention is said to reside in an intraluminal prosthesis 
having a tubular graft and a plurality of self expanding stents along the 
length of the graft the prosthesis having a proximal end and a distal end, the 
prosthesis being characterised by the stents at the proximal end and at the 

3 0 distal end being inside the tubular graft and the remainder of the stents being 

on the outside of the graft. 
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There may be further included a further self expanding stent mounted to the 
proximal end of the graft and extending beyond the said proximal end. The 
further stent may include attachment devices. The attachment devices may 
comprise barbs extending towards the distal end of the prosthesis. 

5 The prosthesis may be bifurcated at its distal end to provide a shorter 
prosthesis leg and a longer prosthesis leg. The shorter leg may have a 
terminal stent on the outside of the prosthesis and the longer leg have the 
internal distal stent. 

There may also be an extension prosthesis for insertion into the shorter 
1 0 prosthesis leg, the extension prosthesis comprising a tubular extension 

prosthesis and a plurality of self expanding stents, the extension prosthesis 
having a proximal end and a distal end, stents at the proximal and distal ends 
being inside the tubular extension prosthesis and the remaining stents being 
on the outside of the prosthesis. 

1 5 The intraluminal prosthesis may be constructed so that both the shorter leg 

and longer leg have external terminal stents and extension prostheses for 
each leg, each extension prosthesis comprising a tubular extension 
prosthesis and a plurality of self expanding stents, the extension prosthesis 
having a proximal end and a distal end, stents at the proximal and distal ends 

2 0 being inside the tubular extension prosthesis and the remaining stents being 

on the outside of the prosthesis. 

Each stent of the intraluminal prostheses according to this invention may be a 
zig-zag stent. 

Generally it will be seen that by this invention there is provided an 

2 5 arrangement by which a prosthesis can be compressed into a thin insertion 

device and then the insertion device advanced through a vessel such as a 
femoral artery until the prosthesis is substantially in the position required and 
then by careful positioning before release of the attachment means at a 
proximal end of the prosthesis and then repositioning if necessary before 

3 0 release of the distal end of the prosthesis, the prosthesis can be placed and 

released accurately. 



DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
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The construction of preferred embodiments and the method by which the 
device may be operated may be made clearer with the aid of the 
accompanying drawings which show preferred embodiments of the invention 
and the method by which the device of the various embodiments may be 
5 used. For the purpose of clarity the lumens or vessels into which the 

prosthesis is to be inserted is not been shown in the drawings except in FIG 
18. 

In the drawings: 

FIG 1 shows a first embodiment of an introducer according to this 

1 0 invention in perspective view with the prosthesis partially deployed, 

FIG 2 shows the first embodiment of the introducer as shown in FIG 1 
being fully loaded and ready for introduction into a patient, 

FIG 3 shows the embodiment of FIG 2 in the next stage of deployment 
of the prosthesis, 

15 Fig 4 shows the embodiment of FIG 2 with the release of the proximal 

end stage of deployment, 

FIG 5 shows the release of the distal end stage of deployment, 

FIG 6 shows the advancement of the distal attachment device to the 
proximal attachment device, 

2 0 FIG 7 shows the withdrawal of the introducer, 

FIG 8 shows that part of the introducer around the distal end of the 
prosthesis in detail, 

FIG 8A shows an alternative embodiment of that part of the introducer 
around the distal end of the prosthesis in detail, 

2 5 FIG 8B shows the embodiment of FIG 8A with the distal attachment 

device advanced to the proximal attachment device, 
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FIG 9 shows that part of the introducer around the proximal end of the 
prosthesis in detail, 

FIG 1 0 shows that part of the introducer around the haemostatic seal in 
detail, 

5 FIG 1 1 shows that part of the introducer around the trigger wire release 

mechanisms in detail, 

FIG 12 shows that part of the introducer around the pin vive clamp and 
the medical reagent introduction tube in detail, 

FIGS 13A - 13C show portions of an alternative embodiment of 
1 0 introducer according to this invention adapted for introduction of a 

bifurcated prosthesis, 

FIG 14 shows an alternative embodiment of introducer according to 
this invention adapted for introduction of an extension prosthesis, 

FIG 15 shows an embodiment of a bifurcated prosthesis with an 

1 5 extension prosthesis according to this invention, 

FIG 16 shows an embodiment of a bifurcated prosthesis with two 
extension prostheses according to this invention, 

FIG 17 shows an embodiment of a prosthesis according to this 
invention intended for aortouni-iliac deployment, and 

2 0 FIG 18 shows a deployed prosthesis according to this invention within 

an aorta with an aneurism. 

Now looking more closely at the drawings and particularly in the embodiment 
shown in FIGS 1 - 12 it will be seen that an endovascular arrangement such 
as the introducer according to this invention comprises generally an external 
2 5 manipulation section 1 , a distal attachment region 2 and a proximal 
attachment region 3. 



The proximal attachment region 3 shown in detail in FIG 9 includes a 
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cylindrical sleeve 10 with a long tapered flexible extension 11 extending from 
its proximal end. The extension 11 has an internal longitudinal aperture 12 
to enable it to be advanced along an insertion wire 13 and to enable the 
supply of medical reagents such as by the use of a contrast agent to allow 
5 angiography to be performed during placement and deployment phases of 
the medical procedure. A thin walled metal tube 15 is fastened to the 
extension 1 1 and extends through the complete introducer to the 
manipulation section and terminates in a connection means 16 for a syringe 
so that the medical reagent may be introduced into the metal tube and 
1 0 subsequently the extension 11 to emanate through the apertures 14. The 
thin walled metal tube 15 is flexible so that the introducer can be advanced 
along a relatively tortuous vessel such as the femoral artery and also to allow 
manipulation longitudinally and rotationally of the proximal attachment region 
3. 



1 5 The prosthesis 20 is of a self expanding type having resilient stents 19 to 

enable it to expand after it is released from the introducer. The prosthesis 
retained within the introducer includes a self expanding zigzag stent 21 
extending from its proximal end and in the compressed condition the zigzag 
stent 21 is retained in the cylindrical sleeve 10 of the proximal attachment 

2 0 region 3 and retained in there by means of a trigger wire 22 which extends 

through an aperture 23 in the side of the proximal attachment device 10 and 
is received in one of the loops of the zigzag stent. The trigger wire 22 
extends along most of the length of the introducer and exits at the 
manipulation region at a proximal wire release mechanism 24. 

2 5 The prosthesis 20 is retained in its compressed condition by means of an 

external sleeve 30 which is advanced to be received over the cylindrical 
sleeve 10 of the proximal attachment device 10 when the device is 
assembled for insertion as can be particularly seen in FIG 2. The external 
sheath 30 extends distally to external of a patient to the external manipulation 

3 0 section and a gripping and haemostatic sealing means 35 thereof. 

As can be particularly seen in FIG 8, the distal end of the prosthesis 20 is 
retained in the distal attachment device 40 which is mounted onto a thick 
walled plastics tube 41 which extends distally to external of the patient and to 
the manipulation region 1 . The thick walled tube is coaxial with and radially 
3 5 outside the thin walled tube 15 and the sheath 30 is coaxial with and radially 
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outside the thick walled tube 41 . The distal end 42 of the prosthesis 20 has a 
loop 43 through which a distal trigger wire 44 extends. The distal trigger wire 
extends through an aperture 45 on the distal attachment device into the 
annular region between the thin walled tube 15 and the thick walled tube 41 
5 like the proximal trigger wire which also extends through the annular space 
between the thick walled tubing 41 and the thin walled tubing 15 to the 
manipulation device and out at a distal wire release mechanism 25 as 
depicted in FIG 2. 

In the alternative embodiment as shown in FIGS 8A and 8B, the thick walled 
1 0 tube 160 has a tapered end 161 through the thin walled tube 162 extends. A 
low friction lining 163 is provided between the thick walled tube 160 and the 
thin walled tube 162 so that the former slides easily over the latter. The 
proximal release wire 165 and the distal release wire 167 are within the thick 
walled tube 160 and extend out respective apertures 166 and 168 distal of 

1 5 the tapered portion 161 . the distal release wire 1 67 passes through the loop 

170 in the distal end of the prosthesis 171 and re-enters the tapered portion 
161 through aperture 172. 

As shown in FIG 8B when the distal attachment region has been advanced to 
the proximal attachment region the tapered portion 161 fits into the tube 175 

2 0 to provide a smooth surface for the retraction of the two together. 

As can be particularly seen in FIG 10 the haemostatic seal which remains 
external of a patient in use has a clamping collar 26 which clamps the 
external sleeve 30 to the haemostatic seal 27. The haemostatic seal 27 has 
a silicone seal ring 28 to seal against the thick walled tubing 41 to provide 

2 5 the haemostatic seal and a side tube 29 for the introduction of medical 

reagents between the thick walled tubing 41 and the external sleeve 30. 

As can be particularly seen in FIG 1 1 the release wire actuation section of the 
external manipulation section has a body 36 into the end of which is mounted 
the thick walled tubing 41 and through which passes the thin walled tube 15. 

3 0 Both the proximal wire release mechanism 24 and the distal wire release 

mechanism 25 are mounted for slidable movement on the body 36. Their 
positioning is such that the proximal wire release mechanism 24 must be 
moved before the distal wire release mechanism 25 can be moved. This 
means that the distal end of the prosthesis cannot be released until the 
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proximal end of the prosthesis has been released. Clamping screws 37 are 
provided on each of the proximal wire release mechanism 24 and distal wire 
release mechanism 25 to prevent inadvertent early release of either end of 
the prosthesis. A haemostatic seal 38 is provided so the respective release 
5 wire can extend out through the body 36 to the respective release 
mechanisms. 

As can be particularly seen in FIG 12 there is a pin vice 39 mounted onto the 
other end of the body 36 from the thick walled tube 41 . The pin vice 39 has a 
screw cap 46 which when screwed in clamps vice jaws 47 against the thin 
1 0 walled metal tube 15 so that the thin walled tube 15 can only move with the 
body 26 and hence the thin walled tube can only move with the thick walled 
tube 41 . With the clamp tightened the entire assembly except the external 
sleeve 30 can be moved as one. 

We now looking at FIG 2 to 7 which show the various stages of the 

1 5 deployment of the prosthesis according to this embodiment of the invention. 

A guide wire (not shown) is introduced into the femoral artery and advanced 
until its tip is above the region into which the prosthesis is to be deployed. 

In FIG 2 the introducer assembly is shown fully assembled ready for 
introduction into a patient. The prosthesis 20 is retained at each of its ends 

2 0 by the proximal and distal retaining assemblies respectively and compressed 

by the external sleeve 30. If it is an aortic aneurism which is to be grafted the 
introducer assembly can be inserted through a femoral artery over the guide 
wire in the form as shown in FIG 2 and positioned by radiographic techniques 
(not discussed here). 

2 5 In FIG 3 it will be seen that once the introducer assembly is in a selected 

position the external sheath 30 is withdrawn to just proximal of the distal 
attachment device 40 so that the prosthesis 20 is now released so that it can 
expand radially except where the most proximal zigzag stent 21 is still 
retained within the proximal attachment device 10 and where its distal end 42 

3 0 is retained within the external sheath 30. 

By release of the pin vice 39 to allow small movements of the thin walled 
tubing 15 with respect to the thick walled tubing 41 the prosthesis 20 may 
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now be lengthened or shortened or rotated or compressed to accurately 
place in the desired place within the body lumen. X-ray opaque markers (not 
shown) may be placed at known places along the prosthesis to assist with 
placement of the prosthesis. 

5 In FIG 4 the proximal trigger wire 22 (FIG 3) has been withdrawn by distal 
movement of the proximal wire release mechanism 24 (FIG 3). At this stage 
the proximal wire release mechanism 24 and the proximal trigger wire 22 
have be removed completely by passing the proximal wire release 
mechanism 24 over the pin vice 39,46 and the connection means 16 for a 

1 0 syringe. The screw cap 46 of the pin vice 39 has then been loosened so that 

the thin walled tubing 15 can been pushed in a proximal direction to move 
the proximal attachment means 10 in a proximal direction thereby releasing 
the zigzag stent 21 at the proximal end of the prosthesis from the proximal 
attachment means 1 0. At this stage the hooks or barbs 26 on the zigzag stent 
15 21 grip into the walls of the lumen to hold the prosthesis therein. From this 
stage the proximal end of the prosthesis cannot be moved again. 

The distal end of the prosthesis 42 is still retained by the distal attachment 
means 40 with the loop 43 retained therein. The external sheath 30 has 
been withdrawn to distal of the distal attachment device 40 to allow the distal 

2 0 end of the attachment device to expand. 



At this stage, however, the distal end of the prosthesis can still be moved so 
that the prosthesis can be rotated or lengthened or shortened or otherwise 
moved to accurately position the prosthesis. Where the prosthesis to be 
deployed is a bifurcated graft the movement at this stage can ensure that the 

2 5 shorter leg is directed in the direction of the contra-iliac artery 

In FIG 5 the distal end 42 of the prosthesis has been released by removal of 
the distal trigger wire 44. At this stage the distal wire release mechanism 25 
and the distal trigger wire 44 can be removed completely by passing the 
distal wire release mechanism 25 over the pin vice and the connection 

3 0 means 16 for a syringe. The loop 43 of the terminal distal zigzag stent is 

hence freed and the prosthesis is now free to expand to the walls of the 
vessel and the introducer is ready to be removed. 



The first stage of removal is shown in FIG 6 where the distal attachment 
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device 40 is advanced to be received in the rear of the proximal attachment 
device 1 0 and then the proximal attachment device 1 0 including the tapered 
flexible extension 1 1 and the distal attachment device 40 are removed 
together as shown in FIG 7. In this drawing the external sleeve 30 has been 
5 advanced to cover the join between the proximal attachment device 10 and 
the distal attachment device 40 and is also removed with the proximal 
attachment device 10, the tapered flexible extension 1 1 and the distal 
attachment device 40 although these could be removed separately and then 
the external sleeve 30 removed later. This may have some advantage if 
1 0 further surgical procedures are necessary as a clear way is provided to 
advance other surgical equipment. 

FIGS 1 3A to FIG 1 3C shows the use of the introducer according to this 
invention with a self expanding bifurcated prosthesis 

In FIGS 13A to FIG 13C the section of the introducer including the proximal 

1 5 attachment device and the distal attachment device of the introducer with a 

bifurcated prosthesis is shown. 

The bifurcated prosthesis 50 is retained within the external sheath 51 
between the proximal attachment device 52 and the distal attachment device 
53 with respective fixings to the proximal attachment device 52 and the distal 

2 0 attachment device 53 of the same for as shown in Figs 1 to 12. The 

proximally extending zigzag stent 57 is retained within the proximal 
attachment device 52. 

As shown in FIG 13B after the proximal trigger wire 61 has been released 
and the proximal attachment device 52 advanced the proximal end of 56 of 

2 5 the prosthesis 50 is released and the zigzag stent 57 is free to expand. At 

this stage the distal end 58 of the prosthesis 50 is still retained in the distal 
attachment means 53. 

At this stage an extension piece 59 can be inserted into the side arm 60 by a 
separate introducer from the other femoral artery as shown in Fig 13C. The 

3 0 release of the distal attachment device and the withdrawal of the introducer 

can the proceed in the same manner as discussed with respect to Figs 1 to 
12. 
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An embodiment of introducer according to this invention suitable for the 
introduction of an extension prosthesis is shown in FIG 14 which shows the 
various portions of the introducer along its length. 

Commencing from the proximal end the embodiment includes a tapered 
5 flexible extension 70 mounted on a thin walled metal tube 71 . The tapered 
flexible extension 70 includes a longitudinal aperture 73. The thin walled 
metal tube 71 is fastened to the tapered flexible extension and extends in a 
distal direction from the tapered flexible extension to external of the patient in 
use. The thin walled metal tube 71 extends to a connector 74 for the 
1 0 introduction of medical reagents as necessary. There are no proximal or 
distal attachment devices on the extension prosthesis introducer. The 
prosthesis 75 is retained between the distal end 80 of the flexible extension 
and the proximal end 78 of a thick walled flexible tube 77. A sheath 79 is a 
sliding fit on the thick walled tube 77 and during the insertion process is fitted 

1 5 over the extension prosthesis up to the distal end 80 of the flexible extension 

70 to provide a smooth surface for the progression of the introducer through 
the vascalature. 

The method of introduction of the extension prosthesis is as follows. 

A guide wire (not shown) is introduced into the femoral artery and advanced 

2 0 until its tip is above the region into which the prosthesis is to be deployed. 

The introducer is then advanced over the guide wire with a oscillating 
rotating action until the extension prosthesis is overlapped one full stent 
within the shorter leg of the prosthesis. A final position check may than be 
made before the sheath 79 is withdrawn while holding the thick walled tube 

2 5 77 in place. The introducer can then be removed by withdrawing the flexible 

extension 70 to the thick walled tube 77 and covering the gap between then 
with the sheath 79. 

FIG 1 5 shows an embodiment of a bifurcated prosthesis with an extension 
prosthesis according to this invention. The bifurcated prosthesis 90 has a 

3 0 generally inverted Y- shaped configuration having a body portion 91 , a 

shorter leg 92 and a longer leg 93. The body of the prosthesis is constructed 
from a tubular woven synthetic material such as dacron. At the proximal end 
94 of the prosthesis 90 is a first zigzag stent 95 which extends beyond the 
end of the prosthesis and has distally extending barbs 96. The prosthesis 
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has a number of zigzag stents mounted to it and extending along its length. 
The stent 97 nearest the proximal end 94 is inside the tubular material so that 
the outside presents a smooth surface which in use engages against the 
inner wall of the vessel into which it is deployed to provide a barrier to the 
5 flow of blood. The stent 98 nearest the distal end 99 of the longer leg is also 
inside the tubular material so that the outside presents a smooth surface 
which in use engages against the inner wall of the vessel into which it is 
deployed to provide a barrier to the flow of blood. Between these internal 
stents the rest of the stents 1 00 are arranged on the outside of the tubular 
1 0 material so that they present minimal restriction to the flow of blood through 
the prosthesis and present minimal sites for the growth of thromboses within 
the prosthesis. Each stent is sewn to the tubular material as shown 
particularly at 101. 

The longer leg 93 has one loop 43 of the terminal internal stent 98 extending 

1 5 beyond the end of the tubular material to act as the distal attachment means. 

In use the prosthesis according to this embodiment of the invention is 
adapted for fitting into aorta such that the end 94 is just distal of the renal 
arteries and the first zigzag stent 95 extend up to or over the renal arteries. 
As it is constructed from thin wire it does not obstruct the renal arteries if it 

2 0 extends over them. The longer leg 93 extends down one of the iliac arteries 

and the shorter leg terminates in the aorta just short of the other iliac artery. 

The terminal stent 102 nearest the distal end 92 of the shorter leg is outside 
the tubular material so that the inside presents a smooth surface which in use 
engages against the outside of one end of an extension prosthesis. 

2 5 An extension prosthesis 1 04 is adapted for fitting into the shorter leg by the 

method as discussed above. The extension prosthesis 1 04 is constructed 
from a tubular synthetic material such as dacron and has terminal internal 
stents 1 05 and a plurality of external intermediate stents 1 06. 

FIG 16 shows an embodiment of a bifurcated prosthesis with two extension 

3 0 prostheses according to this invention. The bifurcated prosthesis 1 1 0 has a 

generally inverted Y- shaped configuration having a body portion 1 1 1 , a 
shorter leg 1 12 and a longer leg 113. The body of the prosthesis is 
constructed from a tubular woven synthetic material such as dacron. At the 
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proximal end 1 1 4 of the prosthesis 1 1 0 is a first zigzag stent 1 1 5 which 
extends beyond the end of the prosthesis and has distally extending barbs 
116. The prosthesis has a number of zigzag stents mounted to it and 
extending along its length. The stent 117 nearest the proximal end 1 14 is 
5 inside the tubular material so that the outside presents a smooth surface 
which in use engages against the inner wall of the vessel into which it is 
deployed to provide a barrier to the flow of blood. The terminal stents 1 1 8 
nearest the distal end 99 of the both the shorter and longer legs are outside 
the tubular material so that the inside presents a smooth surface which in use 
1 0 engages against the outside of one end of an extension prosthesis. Between 
these terminal stents the rest of the stents 1 1 9 are arranged on the outside of 
the tubular material so that they present minimal restriction to the flow of 
blood through the prosthesis and present minimal sites for the growth of 
thromboses within the prosthesis. 

1 5 The longer leg 1 13 has one loop 43 of the terminal external stent 118 

extending beyond the end of the tubular material to act as the distal 
attachment means. 

Extension prostheses 120 and 121 are adapted for fitting into both the shorter 
and longer legs by the method as discussed above. Each of the extension 

2 0 prostheses 120 and 121 are constructed from a tubular synthetic material 

such as dacron and have terminal internal stents 122 and a plurality of 
external intermediate stents 123. 

In use the prosthesis according to this embodiment of the invention is 
adapted for fitting into aorta such that the end 1 14 is just distal of the renal 

2 5 arteries and the first zigzag stent 115 extend up to or over the renal arteries. 

As it is constructed from thin wire it does not obstruct the renal arteries if it 
extends over them. The longer leg 113 extends down one of the iliac arteries 
and the shorter leg terminates in the aorta just short of the other iliac artery. 
The extension prostheses when deployed extend down each iliac artery. 

3 0 FIG 17 shows an embodiment of a prosthesis according to this invention 

intended for aortouni-iliac deployment. The prosthesis 130 has a generally 
tapering tubular configuration having a body portion 131 extending down to a 
single leg 132 of lesser diameter than the body portion. The body of the 
prosthesis is constructed from a tubular woven synthetic material such as 
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dacron. At the proximal end 134 of the prosthesis 130 is a first zigzag stent 
135 which extends beyond the end of the prosthesis and has distally 
extending barbs 136. The prosthesis has a number of zigzag stents 
mounted to it and extending along its length. The stent 137 nearest the 
5 proximal end 134 is inside the tubular material so that the outside presents a 
smooth surface which in use engages against the inner wall of the vessel into 
which it is deployed to provide a barrier to the flow of blood. The stent 138 
nearest the distal end 132 of the leg is also inside the tubular material so that 
the outside presents a smooth surface which in use engages against the 
1 0 inner wall of the vessel into which it is deployed to provide a barrier to the 
flow of blood. Between these internal stents the rest of the stents 140 are 
arranged on the outside of the tubular material so that they present minimal 
restriction to the flow of blood through the prosthesis and present minimal 
sites for the growth of thromboses within the prosthesis. 

1 5 The leg 1 32 has one loop 43 of the terminal external stent 1 38 extending 

beyond the end of the tubular material to act as the distal attachment means. 

In use the prosthesis according to this embodiment of the invention is 
adapted for fitting into aorta such that the end 134 is just distal of the renal 
arteries and the first zigzag stent 135 extends up to or over the renal arteries. 

2 0 As it is constructed from thin wire it does not obstruct the renal arteries if it 

extends over them. The leg 1 32 extends down one of the iliac arteries. The 
other iliac artery is intended to be closed of with a plug inserted via the 
femoral artery and a cross graft is surgically inserted between the iliac 
arteries to provide blood flow to both iliac arteries. 

2 5 FIG 1 8 shoes a deployed prosthesis according to the embodiment this 

invention within an aorta with an aneurism. 

The aneurism 150 is a ballooning of the aorta 152 between the renal arteries 
153 and the iliac arteries 154. The prosthesis as shown in FIG 15 is 
deployed into the aorta so that it spans the aneurism allows blood flow from 

3 0 the aorta to the two iliac arteries. It will be noted that the proximal portion 94 

of the prosthesis 90 which has the stent on the inside bears against the wall 
of the aorta 152 above the aneurism so that a good seal is obtained. The 
zigzag stent 95 which extends beyond the portion 94 extends over the 
entrances to the renal arteries but as the wire of the stent is fine occlusion 
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does not occur. The distal end of the prosthesis 99 seals against the wall of 
one of the iliac arteries and the distal end 1 55 of the extension prosthesis 
1 04 bears against the wall of the other iliac artery. 

The join 1 56 between the prosthesis 90 and the extension prosthesis 1 04 
5 seals because there is a smooth connection between the smooth inner 
surface on the shorter leg 1 12 and the smooth outer surface of the proximal 
end of the extension prosthesis 1 04. 

The size of the prostheses according to this invention may be selected so that 
there is in effect an interference fit in the sound parts of the vessels to give 
1 0 good sealing onto the inner walls of the vessels. The prosthesis at its widest 
may range in diameter from 20 mm to 32 mm where it fits into the aorta and 
from 8 mm to 24 mm where it fits into the iliac arteries. 

The embodiment shown in FIG 15 may have an overall length of from 120 
mm to 180 mm not counting the length of the uncovered proximal stent and 

1 5 the extension prosthesis may have a length of from 35 mm to 125 mm and a 

diameter of from 8 mm to 24 mm. The amount of overlap between the shorter 
leg of the prosthesis and the proximal end of the extension prosthesis is from 
15 mm to 21 mm. 

The embodiment shown in FIG 16 may have an overall length of from 100 

2 0 mm to 130 mm not counting the length of the uncovered proximal stent. The 

difference in length between the shorter and longer legs of the bifurcated 
prosthesis may be 30 mm. The shorter extension prosthesis may have a 
length of from 65 mm to 1 25 mm and a diameter of from 8 mm to 24 mm. The 
amount of overlap between the shorter leg of the prosthesis and the proximal 

2 5 end of the longer extension prosthesis is from 15 mm to 22 mm. The longer 

extension prosthesis may have a length of from 35 mm to 125 mm and a 
diameter of from 8 mm to 24 mm. The amount of overlap between the longer 
leg of the prosthesis and the proximal end of the shorter extension prosthesis 
is from 1 5 mm to 22 mm. 

3 0 The embodiment shown in FIG 17 may have an overall length of from 90 mm 

to 180 mm not counting the length of the uncovered proximal stent. The 
prosthesis at its widest may range in diameter from 20 mm to 32 mm where it 
fits into the aorta and from 8 mm to 24 mm where it fits into one of the iliac 
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arteries 

Throughout this specification unless the context requires otherwise, the 
words 'comprise' and 'include' and variations such as 'comprising' and 
'including' will be understood to imply the inclusion of a stated integer or 
5 group of integers but not the exclusion of any other integer or group of 
integers. 

Throughout this specification various indications have been given as to the 
scope of this invention but the invention is not limited to any one of these but 
may reside in two or more of these combined together. The examples are 
1 0 given for illustration only and not for limitation. 
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CLAIMS 

1 . An introducer for positioning an expandable endovascular prosthesis 
{20) in a lumen of a patient, the prosthesis having a proximal portion and a 
distal portion, the introducer comprising; a prosthesis positioning mechanism 
5 (2, 3) selectively releasable from the prosthesis when the prosthesis is 
positioned at a desired site in the lumen of a patient; a first control member 
(22, 24) controlling at least the longitudinal position of the proximal portion of 
the prosthesis; and a second control member (44, 25) controlling at least the 
longitudinal position of the distal portion of the prosthesis. 

10 2. The introducer according to claim 1 , wherein said prosthesis 
positioning mechanism includes a distal attachment region (2) and/or a 
proximal attachment region (3). 

3. The introducer according to claim 2, wherein said distal attachment 
region includes a distal attachment device (10). 

15 4. The introducer according to claim 2 or 3, wherein said proximal 
attachment region includes a proximal attachment device (10) 

5. The introducer according to any one of claims 1 through 4, wherein the 
prosthesis positioning mechanism comprises a control arrangement. (15, 41) 
for controlling the length of the prosthesis. 

2 0 6. The introducer according to any one of claims 1 through 4, wherein 
the prosthesis positioning mechanism comprises a rotational arrangement 
(15, 41) by which the relative angular orientation of the proximal and distal 
portions of the prosthesis can be adjusted. 

7. The introducer according to any one of claims 1 through 4, wherein 
2 5 the prosthesis positioning mechanism comprises a rotational arrangement 

(15, 41 ) by which the angular orientation of the prosthesis can be adjusted. 

8. The introducer according to any one of claims 1 through 7, wherein 
the introducer further comprises an expansion control mechanism (10. 30) 
controlling expansion of the prosthesis when the prosthesis is positioned at 



WO 98/53761 



PCT/AU98/00383 



25 

the desired site in the lumen of the patient. 

9. An endovascular arrangement for positioning an expandable 
prosthesis at a desired location in a lumen of a patient, said arrangement 
comprising a control section (1) to be maintained external to the patient, and 

5 a prosthesis positioning mechanism (2, 3) controllable by the control section 
for moving and manipulating the prosthesis to a desired location in the 
lumen, wherein a first member (15) extends from the control section to a 
proximal region (3) of the positioning mechanism, the proximal region of the 
positioning mechanism having means (10) for controlling the proximal end of 
1 0 the prosthesis, wherein a second member (41) extends from the control 

section to a distal region (2) of the positioning mechanism, the distal region 
having means (40) for controlling the distal end of the prosthesis in 
cooperation with the second member. 

10. The endovascular arrangement according to claim 9, wherein the 

1 5 arrangement further comprises contraction means for containing self 

expanding stents of the prosthesis during insertion of the prosthesis 
positioning mechanism into the lumen and/or expansion means for 
expanding expandable stents of the prosthesis when the prosthesis is 
positioned at the desired site in the lumen of the patient. 

2 0 11. The arrangement according to claim 1 0, wherein the contraction means 

includes tubular means (30) that extends from the control section to the 
positioning mechanism and serves to contain the prosthesis during insertion 
of the positioning mechanism into the lumen and to control the distal end of 
the prosthesis when the tubular means has been moved in a distal direction 

2 5 relative to the first and second members, relative movement between the first 

and second members enabling manipulation of the prosthesis when in the 
lumen. 

12. The arrangement according to claim 10 or 1 1 , wherein the 
expansion means includes at least radial means for radially expandable 

3 0 stents of the prosthesis when the prosthesis is positioned at the desired 

location in the lumen. 

13. The arrangement according to claim 12, wherein the expansion 
means includes an inflatable balloon. 
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14. The arrangement according to claim 12, wherein the first and 
second members are contained within the said tubular means. 

15. The arrangement according to claim 12 or 14, wherein means (39) 
are provided for clamping the first and second members together during 

5 insertion of the prosthesis and for releasing the first and second members 
prior to the manipulation. 

16. The arrangement according to claims 12, 14, or 15 wherein 
expansion of a non self expanding prosthesis can be performed by 
expansion of a balloon located around the first member and within the 

1 0 prosthesis, said balloon being inflatable from the control section. 

17. The arrangement according to claim 12, 14, 15, or 16, wherein the 
said proximal region of the attachment mechanism contains tubular means 
(10) for containing the proximal end of the prosthesis prior to final positioning 
thereof, and wherein release of the prosthesis from tubular means (10) is 

1 5 achieved by proximal movement of the first member. 

18. The arrangement according to any one of claims 9 through 17, 
wherein the second member has means (40) for controlling the distal end of 
the stent whilst the latter is inside the tubular means (30). 

19. The arrangement according to any one of claims 9 through 18, 

2 0 wherein the arrangement further comprises release mechanisms (24, 25) in 

the control section for controlling wires (22. 44) extending to respective stents 
of the prosthesis. 

20. The arrangement according to any one of the claims 9 through 19, 
wherein the prosthesis positioning mechanism comprises a control 

2 5 arrangement (1 5, 41 ) for controlling the length of the prosthesis. 

21 . The arrangement according to any one of claims 9 through 19, 
wherein the prosthesis positioning mechanism comprises a rotational 
arrangement (15, 41) by which the relative angular orientation of the 
proximal and distal portions of the prosthesis can be adjusted. 

3 0 22. The arrangement according to any one of claims 9 through 19, 
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wherein the prosthesis positioning mechanism comprises a rotational 
arrangement (15, 41) by which the angular orientation of the prosthesis can 
be adjusted. 

23. The arrangement according to any one of claims 9 through 1 9, 

5 wherein the introducer further comprises an expansion control mechanism 
(10, 30) for controlling expansion of the prosthesis when the prosthesis is 
positioned at the desired site in the lumen of the patient. 

24. An introducer adapted for the introduction of a self expanding 
endovascular prosthesis into a lumen of a patient, the prosthesis having a 

1 0 proximal end and a distal end, the introducer comprising, 

a. a proximal attachment device adapted to be attached to the 
proximal end of the prosthesis, 

b. distal attachment device adapted to be attached to the distal end 
of the prosthesis, 

15 c. each of the proximal and distal attachment devices attaching to 

the prosthesis in such a manner that the prosthesis can be held in tension 
therebetween and that each end of the prosthesis can individually be moved 
in proximal and distal directions and be rotated, and 

d. proximal releasing means associated with the proximal 

2 0 attachment device and distal releasing means associated with the distal 

attachment device to enable selective releasing of the proximal and distal 
ends of the prosthesis. 

25. An introducer as in claim 24 wherein the proximal attachment 
means has a long flexible extension on its proximal end to facilitate insertion 

2 5 of the introducer into a body lumen and its advancement along the lumen. 

26. An introducer as in claim 25 wherein the proximal attachment device 
is mounted on a flexible thin walled tube which extends in a distal direction 
from the proximal attachment device to an external manipulation section of 
the introducer which is adapted to remain external of the patient. 

3 0 27. An introducer as in claim 26 wherein the thin wall metal tube 

incudes fluid connection means external of the patient to enable the 
introduction of a medical reagent therethrough. 
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28. An introducer as in claim 27 wherein the long flexible extension 
includes a hollow tube therethrough in fluid communication with the thin wall 
metal tube and a plurality of side holes to enable dispersion of the medical 
reagent proximal of the prosthesis. 

5 29. An introducer as in claim 26 wherein the distal attachment device is 
mounted on a flexible thick walled tubing and coaxial on the thin walled tube 
and extending in a distal direction to the external manipulation section and 
mounted such that the respective tubes can be moved together or 
independently. 

1 0 30. An introducer as in claim 29 including a haemostatic seal between 
the thin walled tube and the thick walled tube in the manipulation section. 

31 . An introducer as in claim 30 including means to introduce a medical 
reagent into an annular space defined between the thin walled tube and the 
thick walled tube. 

1 5 32. An introducer as in claim 24 including a proximal trigger wire 

extending from the proximally attachment device to the manipulation section, 
the proximal trigger wire being adapted to activate the proximal releasing 
means. 

33. An introducer as in claim 24 including a distal trigger wire extending 

2 0 from the distal attachment device to the manipulation section, the distal 

trigger wire being adapted to activate the distal releasing means. 

34. An introducer as in claim 24 including an external release 
mechanism for each of the proximal trigger wire and distal trigger wire, the 
external release mechanism adapted to prevent accidental release of the 

2 5 trigger wires and to allow release of the distal releasing means only after 

release of the proximal releasing means. 

35. An introducer as in claim 34 including a haemostatic seal around 
the respective trigger wires in the manipulation section. 

36. An introducer as in claim 24 including an external sheath extending 

3 0 from external of the patient to cover and compress the prosthesis during 
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insertion of the introducer into a patient and movable longitudinally from 
outside the patient to expose the prosthesis. 

37. An introducer as in claim 36 wherein the external sheath is coaxial 
with and a sliding fit on the thick walled tube. 

5 38. An introducer as in claim 37 wherein the external sheath has a 
proximal end which is tapered and smoothed to present a low resistance to 
advancement of the introducer during insertion. 

39. An introducer as in claim 36 wherein the proximal end of the 
external sheath is adapted to have a tight fit on to the proximal attachment 

1 0 device. 

40. An introducer as in claim 24 wherein the distal attachment device is 
of a streamlined shape and is adapted to be advanced to the proximal 
attachment device whereby to allow smooth retrieval through the released 
prosthesis and into the external sheath for removal from a patient. 

15 41 . An introducer as in claim 24 wherein the prosthesis is a bifurcated 
prosthesis. 

42. An introducer as in any one previous claim wherein the lumen of the 
patient is an aorta and the prosthesis is adapted to repair an aortic aneurism. 

43. A method of placing a prosthesis into an internal lumen by means of 
2 0 an insertion assembly the method including the steps of: 

a. inserting the insertion assembly including the prosthesis into the 
internal lumen, 

b. withdrawing a sheath from the insertion assembly to expose the 
prosthesis, 

2 5 c. releasing the prosthesis from the insertion assembly, 

d. replacing the sheath onto the insertion assembly, and 

e. retracting the insertion assembly. 



30 



44. A method as in claim 43 wherein the prosthesis has a proximal end 
and a distal end and the insertion assembly includes a proximal attachment 
device and a distal attachment device adapted to retain the proximal and 
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distal ends of the prosthesis respectively and the step of releasing the 
prosthesis includes the steps of releasing the proximal end and then the 
distal end. 

45. A method as in claim 44 wherein the step of replacing the sheath 
5 onto the insertion assembly includes the step of advancing the distal 

attachment device up to the proximal attachment device and withdrawing the 
two devices together. 

46. A method as in claim 44 wherein between steps (b) and (c) the 
prosthesis is manipulated by respective movements of the proximal 

1 0 attachment device and distal attachment device to correctly position the 

prosthesis. 

47. A method as in claim 43 wherein the prosthesis is a bifurcated 
prosthesis and the step of withdrawing the sheath includes the steps of 
withdrawing the sheath to a first position in which a side arm of the prosthesis 

15 is exposed, insertion of an extension prosthesis into the side arm and then 
full removal of the sheath from the prosthesis. 

48. A method as in claim 47 wherein the step of insertion of the 
extension prosthesis into the side arm comprises the steps of; 

(f) inserting an extension insertion assembly into the side arm, the 

2 0 extension insertion assembly including a top guide mounted on a catheter, 

an extension prosthesis on the catheter and a sheath retaining the extension 
prosthesis and extending over the top guide, 

(g) withdrawing the sheath to expose and deploy the extension 
prosthesis, 

2 5 (h) withdrawing the sheath, top guide and catheter together. 

49. A method as in claim 48 wherein the top guide includes a long 
proximal nose extension. 

50. A method as in claim 48 wherein the catheter includes a distal stop 
and the extension prosthesis is mounted between the distal stop and the top 
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guide. 

51 . A method as in claim 43 wherein the prosthesis is a bifurcated 
prosthesis and the step of withdrawing the sheath includes the steps of 
withdrawing the sheath to a first position in which a first side arm of the 

5 prosthesis is exposed, insertion of a first extension prosthesis into the first 
side arm, then full removal of the sheath from the prosthesis to expose a 
second side arm and then insertion of a second extension prosthesis into the 
second side arm. 

52. A method as in claim 51 wherein the step of insertion of the first 

1 0 extension prosthesis into the side arm comprises the steps of; 

(f) inserting a first extension insertion assembly into the first side 
arm, the first extension insertion assembly including a top guide mounted on 
a catheter, an extension prosthesis on the catheter and a sheath retaining the 
extension prosthesis and extending over the top guide, 

1 5 (g) withdrawing the sheath to expose and deploy the extension 

prosthesis, 

(h) withdrawing the sheath, top guide and catheter together 

and the step of insertion of the second extension arm includes the steps of ;s 

(i) inserting a second extension insertion assembly into the second 

2 0 side arm, the second extension insertion assembly including a top guide 

mounted on a catheter, an extension prosthesis on the catheter and a sheath 
retaining the extension prosthesis and extending over the top guide, 

Q) withdrawing the sheath to expose and deploy the extension 
prosthesis, 

2 5 (k) withdrawing the sheath, top guide and catheter together.. 

53. A method as in claim 52 wherein each of the top guides includes a 
long proximal nose extension. 
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54 A method as in claim 52 wherein each of the catheters includes a 
distal stop and the extension prostheses are mounted between the distal stop 
and the top guide. 

55. An intraluminal prosthesis having a tubular graft and a plurality of 
5 self expanding stents along the length of the graft the prosthesis having a 

proximal end and a distal end, the prosthesis being characterised by the 
stents at the proximal end and at the distal end being inside the tubular graft 
and the remainder of the stents being on the outside of the graft. 

56. An intraluminal prosthesis as in claim 55 further including a further 
1 0 self expanding stent mounted to the proximal end of the graft and extending 

beyond the said proximal end. 

57. An intraluminal prosthesis as in claim 56 when the further stent 
includes attachment devices. 

58. An intraluminal prosthesis as in claim 57 wherein attachment 

1 5 devices comprise barbs extending towards the distal end of the prosthesis. 

59. An intraluminal prosthesis as in claim 55 wherein the prosthesis is 
bifurcated at its distal end to provide a shorter prosthesis leg and a longer 
prosthesis leg. 

60. An intraluminal prosthesis as in claim 55 wherein the shorter leg has 

2 0 a terminal stent on the outside of the prosthesis and the longer leg has the 

internal distal stent. 

61. An intraluminal prosthesis as in claim 59 or 60 further including an 
extension prosthesis for insertion into the shorter prosthesis leg, the 
extension prosthesis comprising a tubular extension prosthesis and a 

2 5 plurality of self expanding stents, the extension prosthesis having a proximal 

end and a distal end, stents at the proximal and distal ends being inside the 
tubular extension prosthesis and the remaining stents being on the outside of 
the prosthesis. 

62. An intraluminal prosthesis as in claim 56 wherein both the shorter 

3 0 leg and longer leg have external terminal stents and extension prostheses for 
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each leg, each extension prosthesis comprising a tubular extension 
prosthesis and a plurality of self expanding stents, the extension prosthesis 
having a proximal end and a distal end, stents at the proximal and distal ends 
being inside the tubular extension prosthesis and the remaining stents being 
5 on the outside of the prosthesis. 

63. An intraluminal prosthesis as in claim 55 wherein each stent is a zig- 
zag stent. 
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(57) Abstract 

A driver tool (210) which drives helical fasteners (214) through a heart valve component (212) into tissue (213). The tool (210) has 
a tool housing (216) with a distal end (218) couplable to engage the implanted component (218). A drive shaft (222) at the proximal end of 
the driver tool (210) couples to a driving force. Multiple driver tips (266) couple to helical fasteners (214) for the heart valve component 
(212). 
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DRIVER TOOL FOR HEART VALVE PROSTHESIS FASTENERS 

FIELD OF THE INVENTION 
The present invention relates to mechanical 
heart valve prostheses. More specifically, the 
5 invention relates to a driver tool for attaching and 
implanting heart valve prostheses. 

BACKGROUND OF THE INVENTION 
Implantable mechanical heart valves are used 
for replacement of defective valves in hearts of 
10 patients. One common method employs a sewing ring or 
suture cuff which is attached to and extends around the 
outer circumference of the mechanical valve orifice. 
The sewing cuff is made of a biocompatible fabric 
suitable for allowing a needle and suture to pass 
15 therethrough. The valves are typically sutured to a 
tissue annulus that is left when the surgeon removes the 
existing valve from the patient's heart. The sutures 
are tied snugly, thereby securing the valve to the 
heart . 

20 Sewing cuffs are labor intensive, difficult to 

manufacture and may be difficult to secure to the valve 
orifice. Further, attaching the suture cuff to the 
tissue annulus is time consuming and cumbersome. The 
complexity of suturing requires a patient to be on 

25 cardiopulmonary bypass for a lengthy period. It is also 
desirable to provide a large lumen through the valve 
orifice relative to the overall valve diameter for blood 
flow. However, techniques for attaching the sewing cuff 
to the valve orifice typically require that the area of 

3 0 the valve lumen be reduced to accommodate an attachment 
mechanism. For example, the sewing cuff is typically 
retained between two rims of the valve orifice. One of 
the rims normally defines the outside diameter of the 
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valve orifice and thus limits the size of the valve 
lumen . 

Another technique for attaching heart valves 
uses a series of pins which pierce the tissue annulus of 
5 the heart. The pins are crimped or bent, thereby 
locking the valve to the heart tissue and preventing the 
valve from separating from the heart. This technique is 
described in U.S. Patent Nos . 3,574,865 and 3,546,710. 
Another technique for attaching a prosthetic heart valve 

10 to the heart tissue is shown in U.S. Patent No. 
"4,705,516 in which an outer orifice ring is sutured to 
the tissue annulus and an inner orifice ring is then 
screwed into the outer orifice ring. However, the rings 
are not locked together and may become unscrewed after 

15 extended use. 

Implantable heart valves can require fasteners 
to hold them securely to surrounding tissue in the body. 
Suturing has been used. However, the use of suturing is 
time consuming and increases the duration of the 

20 implantation surgical procedure. The use of helical 
fasteners or screws is disclosed in the above cited 
pending application. However, access one at a time to 
the multiple helical fasteners used with an implant can 
be difficult and time consuming. The fasteners face in 

25 different directions and a simple tool must be 
positioned multiple times to approach the implantable 
heart valve component from several difficult angles 
around the heart, some of which may be obstructed by 
adjoining tissue. There is a need for an improved 

3 0 technology for screwing helical fasteners through a 
heart valve component into a tissue annulus of the 
heart . 
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SUMMARY OF THE INVENTION 
The present invention is useful in implanting 
a prosthetic heart valve in a heart with helical 
fasteners. The heart valve includes an outer ring for 
5 coupling to a tissue annulus of a heart. An inner 
orifice ring includes an occluding mechanism movable 
between an open position, which allows blood flow 
through the lumen, and a closed position which prevents 
blood flow through the lumen. The inner orifice ring is 

10 adapted to be coupled to the outer orifice ring after 
the outer orifice ring has been attached to the tissue 
annulus. The outer ring is attached to the tissue 
annulus by helical screws and is coupled to the inner 
orifice ring by a snap fit. 

15 In the present invention, a driver tool drives 

multiple helical fasteners simultaneously through the 
outer ring of a heart valve component into the 
surrounding tissue annulus of a heart. The driver tool 
includes a tool housing and has a distal end couplable 

2 0 to engage the heart valve component and a proximal end 

spaced from the distal end. A drive shaft at the 
proximal end is couplable to a driving force. A 
plurality of driver tips extend from the distal end, 
each driver tip coupling to a helical fastener for the 
25 heart valve. A drive train in the tool housing couples 
to the drive shaft to distribute driving force to each 
of the driver tips. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is an exploded cross-sectional view 

3 0 of a prosthetic heart valve. 

Figure 2 is a cross-sectional view of the 
heart valve of Figure 1. 
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Figure 3 is a perspective view of an 
attachment mechanism for the prosthetic heart valve of 
Figures 1 and 2 . 

Figure 4 is a side cross-sectional view of an 
5 implantation tool for implanting the heart valve 
prosthesis shown in Figures 1 and 2 . 

Figure 5 is a side cross-sectional view of the 
tool of Figure 4 in which a holder portion of the tool 
is moved to an open position. 
10 Figure 6 is a side perspective view of an 

outer orifice ring in accordance with another 
embodiment . 

Figure 7A is a side plan view and Figure 7B is 
a side cross-sectional view of the outer orifice ring 
15 shown in Figure 6. 

Figure 8 is a side perspective view of a 
suture securing tool. 

Figure 9 is a perspective view of a holder for 
use in implanting an outer ring of a heart valve. 
20 FIG. 10 is a side cross sectional view of a 

driver tool engaging a heart valve outer ring and 
coupled to helical fasteners in accordance with the 
present invention. 

FIG. 11 is a side cross sectional view of a 

2 5 driver tool engaging a heart valve outer ring and 

coupled to helical fasteners in accordance with the 
present invention. 

FIG. 12 is an enlarged cross sectional view of 
the distal end of the driver tool of FIGS. 10 or 11. 

3 0 FIG. 13 is an end view of a distal end of the 

driver tools of FIGS. 10 and 11. 

FIG. 14 is a cross sectional view along line 
14-14 of FIG. 12. 
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FIG. 15 is an enlarged cross sectional view of 
an alternate distal end of the driver tools of FIGS. 10 
and 11. 

FIG. 16 is a further enlarged cross sectional 
5 view of a portion of the alternate distal end of the 
driver tool of FIG. 15. 

FIG. 17 is an enlarged cross sectional view of 
an alternate distal end of the driver tools of FIGS. 10 
and 11. 

10 FIG. 18 is an enlarged drawing of front and 

end views of a helical screw fastener with its last coil 
turned into the center of the coil . 

FIG. 19 is an enlarged drawing of a front and 
an end view of a driver tip for use with the helical 
15 screw fastener of FIG. 18. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Heart valve prosthesis 10 shown in Figure 1 
includes inner orifice ring 12 and outer orifice ring 
14. Figure 1 is a side cross-sectional exploded view of 
20 valve 10 and Figure 2 is a side assembled cross- 
sectional view of valve 10. 

Inner orifice ring 12 includes locking recess 
16 (or, in another embodiment, a ridge) formed around 
its outer circumference. Leaflets (or occluders) 18 

2 5 provide an occluding mechanism and are pivotably coupled 

to ring 12 at pivot guard 20. Leaflets or occluders 18 
move between an open position (not shown) and a closed 
position as shown in Figures 1 and 2 in which flow of 
fluid through lumen 22 is blocked. Leaflets 18 rotate 

3 0 within pivots 24 formed in pivot guards 20. In one 

preferred embodiment, inner ring 12 comprises a 
prosthetic heart valve available from St. Jude Medical, 
Inc. of St. Paul, Minnesota, without a sewing cuff 
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carried thereon. However, in some embodiments it may be 
preferable to use a specially designed inner ring 12 . 

Outer orifice ring 14 includes locking ridge 
3 0 (or, in another embodiment, a recess) formed on an 

5 inner annulus circumference thereon. Inner annulus 3 2 
of ring 14 is sized to have approximately the same 
radius as outer annulus 34 of inner ring 12. Similarly, 
locking ridge 30 of outer ring 14 substantially conforms 
to locking recess 16 of inner ring 12. Locking recess 

0 16 and locking ridge 30 cooperate to provide a ring 
coupling mechanism adapted to couple the outer orifice 
ring to the inner orifice ring. Outer orifice ring 14 
also includes tissue annulus attachment locking 
mechanism 40 which, in one preferred embodiment, 

5 comprises helical screws carried through holes 29 around 
the circumference of outer ring 14 . Other types of 
attachment mechanisms include staples, pins, rivets, 
"nails", barbs, hooks, etc. These mechanisms could be 
coupled to or integral with the outer orifice ring. As 

0 illustrated in Figures 1 and 2, locking mechanism 40 
attaches to the natural heart tissue annulus 42 of the 
patient . 

In FIG. 3 a perspective view of locking 
mechanism 40 is shown in greater detail. Locking 

5 mechanism 4 0 is a helical screw preferably made of a 
biocompatible material. For example, locking mechanism 
40 may be formed from a platinum- iridium alloy, MP35N (a 
Wrought cobalt-nickel-chromium-molybdenum alloy) , 
stainless steel, titanium or other biocompatible 

i0 materials. As shown in Figure 3, tool 44 includes 
engaging tip 46 which fits into screw head 48. Locking 
mechanism 40 may be turned by rotating tool 44. In one 
embodiment, there are between 8 and 16 substantially 
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equally spaced locking mechanisms 4 0 around the 
circumference of inner orifice ring 12. However, any 
number may be used. Locking mechanism 4 0 typically 
extends between about .050 to about .200 inches into the 
5 tissue annulus 42. 

Figure 4 is a side cross-sectional view of 
tool 6 0 for use in snapping inner ring 12 into outer 
ring 14 of heart valve prosthesis 10 shown in Figures 1 
and 2. Tool 60 includes elongated handle 62 including 

10 proximal gripping end 64. Actuator rod 66 extends 
through a center opening 68 in handle 62. Holder 70 is 
coupled to a distal end of handle 62. Holder 70 
includes moveable half 72A and fixed half 72B coupled at 
pivot 74. Halves 72 include lower lip 76 adapted to 

15 abut outer ring 14. Distal end 80 of actuator rod 66 
couples to actuator cable 82 which is connected to half 
72A. Spring 84 is coupled to actuator rod 6 6 and pushes 
actuator rod 66 in an axial direction away from holder 
70 holding halves 72 in the closed position as shown in 

20 Figure 4. Rod 66 includes actuator button 90. Proximal 
end 64 of handle 62 includes handle grip 93 . 

Orifice pushing mechanism 91 is aligned 
axially with handle 62 and coupled to handle 62 by 
threads 92. Mechanism 91 includes gripping portion 94 

25 and orifice abutting surface 96. As shown in Figure 4, 
orifice abutting surface 96 is adapted to abut inner 
orifice ring 12 . 

Figure 5 is a side cross-sectional view of a 
portion of tool 6 0 showing holder 70 in an open position 

30 in which half 72A is rotated about pivot 74. In this 
position, heart valve prosthesis 10 is freed from holder 
70 such that heart valve prosthesis may be selectively 
removed from, or engaged with holder 70. 
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In operation, pressure is applied to actuation 
button 90 while grasping handle grip 93. This causes 
actuator rod 66 to move downward, towards the distal end 
of tool 60 whereby cable 82 causes half 72A to rotate 

5 about pivot 74 . When pressure is released from actuator 
button 90, spring 84 pushes actuator rod 66 in a 
direction away from holder 70 such that half 72A is 
moved back into a closed position by cable 82 as shown 
in Figure 4. After outer orifice ring 14 has been 

0 attached to the natural tissue annulus of the patient's 
heart, tool 60 containing pre-loaded ring 12 is inserted 
. through implantable ring 14 by depressing actuator 
button 90. This engages lip 76 under ring 14. Mechanism 
94 is then rotated whereby lip 76 and surface 96 work in 

5 opposing directions such that no axial force is applied 
to helical screws 40 or the patient's tissue annulus. 
Outer orifice ring 14 is held against lower lip 76 such 
that a relative pressure is applied between rings 12 and 
14. This causes locking ridge 30 to seat within locking 

0 recess 16. When inner ring 12 has been "snapped" in 
place with ring 14, ring 12 prevents locking mechanisms 
4 0 from unscrewing or disengaging. Force may then be 
applied to actuator button 90 such that half 72A of 
holder 70 rotates as shown in Figure 5 so that tool 60 

5 may be removed from prosthesis 10. 

Figure 6 is a perspective view of outer 
orifice ring 100 in accordance with another embodiment 
which is coupled to suture cuff 102 . In the embodiment 
of Figure 6, ring 100 includes a plurality of suture 

10 holes 104 formed therein for receiving sutures 106. 
Further, the inner annulus of ring 10 0 includes suture 
receiving groove 108. Figure 7A is a side plan view of 
outer ring 100 and Figure 7B is a side cross-sectional 
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view of outer ring 100. As shown in Figure 7A, the 
outer annulus of ring 100 includes cuff retaining 
grooves 110 formed therein. In one preferred 

embodiment, O-rings 101 are provided to prevent leakage 
5 between the orifice rings as shown in Figure 7B . 
Retaining sutures are wound circumf erentially through 
cuff 102 and within cuff retaining grooves 110 binding 
or clamping cuff 102 to ring 100. 

Ring 100 is sutured to tissue annulus 42 using 

10 sutures 106 which extend radially through cuff 102 and 
suture holes 104. Preferably, sutures 106 are metal 
sutures of a biocompatible material such as stainless 
steel. After the sutures 106 are threaded through the 
patient's natural tissue annulus and outer orifice ring 

15 100, the surgeon secures the suture using knots 114 
which may be formed by twisting the suture 106 as shown 
in Figure 6. Excess suture material is then trimmed and 
knots 114 are folded into suture grooves 108. 

Figure 8 is a side perspective view of a 

20 suture securing tool 130 for use in twisting sutures 106 
shown in Figure 6. Tool 130 includes elongated body 132 
carrying shaft 134 therethrough between an actuator 13 6 
and a hook 138. Spring 140 pushes on end cap 144 and 
body 132 such that hook 138 presses against end cap 142. 

25 By pressing on actuator 136, hook 138 may be extended to 
hook both ends of suture 106. When actuator 136 is 
released, suture 106 is trapped between hook 13 8 and cap 
142. Tool 130 is then rotated to twist sutures 106 
together forming twisted knots 114 shown in Figure 6. 

3 0 Following implantation of ring 100 into the 

tissue annulus 42, inner orifice ring 12 as shown in 
Figure 1 is coupled to ring 100 as described with 
respect to Figures 1-5. 
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Figure 9 is a perspective view of implantation 
tool 150 for use in implanting orifice ring 100. Tool 
150 includes legs 152 having coupling tips 154 which are 
configured to couple to ring 100. Tool 150 may be used 
5 by the surgeon to hold ring 100 during suturing such 
that force may be applied to ring 100. Tips 154 may be 
fit into suturing grooves 108. Tool 150 includes handle 
attachment opening 156 which may be used to selectively 
engage an elongated handle (not shown) . Opening 156 can 

10 be as shown or can be a threaded hole, a snap fit hole 
or other opening adapted to selectively engage an 
elongated handle . 

In FIG. 10, driver tool 210 is shown engaging 
outer ring 212 of a two piece prosthetic heart valve. 

15 Driver tool 210 couples to helical screw fasteners 214 
which. pass through holes in outer ring 212. Helical 
fasteners 214 can be any fastener that advances along 
its central axis by being turned about that axis, i.e., 
anything that goes in by twisting, such as a screw. 

20 Helical screw fasteners 214 attach outer ring 212 to 
tissue annulus 213 during an implantation procedure 
using driver tool 210. Driver tool 210 includes tool 
housing 216, which is generally cylindrical in shape, or 
round in cross section, and extends from distal end 218, 

25 which engages outer ring 212, to proximal end 220 spaced 
away from the distal end 218. Drive shaft 222 at 
proximal end 22 0 has a handle 224 that can receive a 
twisting or driving force for transmission to helical 
screw fasteners 214. Handle 224 can also be actuated or 

3 0 pulled away from the proximal end 22 0 to disengage 
driver tool 210 from helical screw fasteners 214. 

In FIG. 10, handles 226, 228 project laterally 
from proximal end 220. Handles 226, 228 can be manually 
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squeezed together to retract or disengage driver tool 
210 from outer ring 212. When handles 226, 228 are 
squeezed together, tool housing 216 slides relative to 
tube 232. Handles 226, 228 pivot on pin 227. Handle 226 
5 is rigidly coupled to tube 232. Handle 228 has slot 229 
engaging a pin in tool housing 216. When handles 226, 
. 228 are squeezed together, tool housing 216 moves toward 
outer ring 212 while other parts of drive tool 210 
remain stationary relative to handle 226. Tool housing 

10 216 pushes outer ring 212 away from tool 210, releasing 
outer ring 212 from tool 210 when handles 226, 228 are 
squeezed together. Spring 225 maintains handles 226 and 
228 in the open or spread apart position and prevents 
accidental dislodgement of ring 212. 

15 As an alternative to the handles 226, 228 of 

FIG. 10, a release button, along with additional springs 
can be disposed on the proximal end of tool 210. With 
this alternative, when the installation of helical 
fasteners 214 is complete, the release button can be 

20 pressed, releasing a catch to retract driver tool 210 
from outer ring 212. 

In FIG. 11, another alternative embodiment of 
a tool 211 is shown where there are no handles 226 and 
228 as in FIG. 10, and spring 225 prevents accidental 

25 dislodgement of ring 212 while the health professional 
grasps tool housing 216. In FIG. 11, components which 
are similar to those in FIG. 10 are identified with the 
same reference numerals used in connection with the 
description of FIG. 10. 

30 In FIG. 11, after helical screw fasteners 214 

are driven in by tool 211 in the same manner that 
helical screw fasteners 214 are driven in by tool 210 
(FIG. 10) , the handle 224 is lifted or pulled up 
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relative to tool housing 216 while the surgeon holds 
tool housing 216. This lifting action first lifts drive 
shaft 222, compresses spring 272, thereby disengaging 
helical screw fasteners 214 from the flexible shafts 262 
5 (FIG. 12) of the tool 211. When spring 272 is fully 
compressed, lifting force is transferred through the 
compressed spring 272 to tube 232. When the handle is 
lifted further, tube 232 lifts relative to tool housing 
216, compressing spring 225 while tube 232 remains in 

10 contact with outer ring 212. Spring 225 is made stiff er 
than spring 272 so that the flexible shafts 262 (FIG. 
12) disengage from the helical screw fasteners 214 
before the tube 232 lifts to release outer ring 212 from 
tool 211. Tool housing 216 moves toward outer ring 212 

15 while other parts of driver tool 211 retract or move 
away from outer ring 212. The tool 211 is thus fully 
disengaged from outer ring 212 and helical screw 
fasteners 214 after use. 

In FIG. 12, distal end 218 is shown in more 

20 detail. At distal end 218, cylindrical end 234 of tool 
housing 216 abuts outer ring 212. Struts 236 of tube 
232 extend beyond cylindrical end 234 to engage outer 
ring 212 with a snap fit between groove 23 8 of struts 
236 and locking ridge 240 of outer ring 212. Outer ring 

25 212 is thus retained securely on distal end 218. 
Helical screw fasteners 214 pass through holes 242 in 
outer ring 212 and into tissue annulus 213. In one 
embodiment, there are approximately eight to sixteen 
helical fasteners although any number can be used, each 

30 passing through a separate hole 242 in outer ring 212. 
Helical screw fasteners 214 can be formed of metal wire 
compatible with implantation, and have a hub portion 244 
which is wound in a polygonal shape, typically a 
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hexagon, and the remainder 246 of the helical fastener 
is wound in a helix with a sharp point 247 at the end. 
In another embodiment, the last coil of the hub portion 
244 turns into the center of the coil (as described 
5 later in FIGS. 18-19) . 

In FIG. 12, drive shaft 222 couples to drive 
train 250. Drive shaft 222 may be narrowed to form a 
gear shaft 252 on its end. Gear plate 254 is assembled 
on gear shaft 252 so that gear shaft 252 is free to 

10 spin. Gear 256 is attached to gear shaft 252 so that 
gear shaft 252 drives gear 256. Satellite gears 258 are 
assembled on plate 254 with gear hubs 259 extending 
through holes in plate 254 so that they engage or mesh 
with gear 256. Plate 261 is also assembled onto gear 

15 shaft 252 with gear hubs 257 extending through holes in 
plate 261 so that gear shaft 252 is free to spin. 
Retaining ring 260 is then attached to gear shaft 252 to 
keep gears 256 and satellite gears 258 caged between 
gear plates 254, 261. Gear plates 254 and 261 are 

20 provided with multiple tabs 263 which are shaped to mate 
with slots 265. This arrangement prevents drive train 
250 from rotating within tube 232 when drive shaft 222 
is rotated. Satellite gears 258 are coupled to flexible 
shafts 262 which extend to helical screw fasteners 214. 

25 There are multiple satellite gears 258 and multiple 
flexible shafts 262, however, for clarity only two of 
each are illustrated in FIG. 12. In one embodiment, if 
a second gear 256 is provided to drive some of the 
fasteners. For example, eight shafts 262 could be 

3 0 driven by gear 256 and a second gear (not shown) located 
above gear 256 could drive eight more shafts 262 which 
extend vertically through the spaces shown in Figure 14 . 
Flexible shafts 262 pass through holes in plate 264 and 
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in housing 270. Plate 264 and housing 270 are fixed 
relative to tube 232 and retain flexible shafts 262 in 
a favorable orientation to transmit twisting motion from 
the vertical axis of drive shaft 222 to the axis of each 
5 helical screw fastener 214. With the satellite gears 
258 held in relatively fixed locations relative to tube 
232, when drive shaft 222 is twisted relative to tube 
232, gear 256 drives satellite gears 258 so that they 
distribute twisting motion to all eight, or more, 

10 flexible shafts 262 simultaneously. Flexible shafts 
262, in turn, couple this twist or drive to the helical 
screw fasteners 214 (only two are shown in FIG. 12) . 
Driver tips 266 on the ends of flexible shafts 262 are 
shaped to engage the hub portions 244 of helical screw 

15 fasteners 214. Typically, driver tips 266 have a 
hexagonal, square or cylindrical slotted shape and 
slidingly engage a correspondingly hexagonal or square 
or cylindrical slotted hub shape of helical screw 
fasteners 214 to transmit torque. Torsional drive is 

2 0 thus distributed from drive shaft 222 (or handle 224) 

through drive train 250 to drive helical screw fasteners 
214 into tissue annulus 213. Helical screw fasteners 
214 advance at approximately right angles to the hand 
twisting motion and at approximately right angles to 
25 tool housing 216. Driver tool 210 is inserted in a 
convenient straight direction down the aorta toward the 
tissue annulus 213, avoiding having to approach 
individual helical screw fasteners 214 at awkward or 
difficult angles and at different radial directions. 

3 0 All of helical screw fasteners 214 advance 

simultaneously, avoiding delay in completing the 
implantation. 
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In FIG. 12, cylindrical housing 270 is snap 
fit in tube 232 and serves as a guide for flexible 
shafts 262, which reduces binding or tangling of 
flexible shafts 262. Compression spring 272 presses 
5 drive train 250 toward distal end 218 to keep driver 
tips 266 engaged with helical screw fasteners 214. 
Handle 224 (FIG. 10) can be pulled away from tool 
housing 216, compressing spring 272 and moving drive 
train 250 away from distal end 218. When drive train 

10 250 is moved away from distal end 218, driver tips 266 
are slid out of or decoupled from helical screw 
fasteners 214. 

In FIG. 13, an enlarged end view of distal end 
218 is shown. In FIG. 13, outer ring 212 has been 

15 omitted from the drawing for clarity. End 234 of tool 
housing 216 is generally cylindrical in shape and houses 
tube 232 which, in one embodiment, has four struts 23 6 
extending from it. Flexible shafts 262 pass through 
holes 271 in cylindrical housing 270 and couple with hub 

20 portions 244 of helical screw fasteners 214. Helical 
screw fasteners 214 have a helical portion 246 for 
engaging tissue. Helical portion 246 also couples with 
the holes 242 in outer ring 212 (FIG. 12) such that 
helical screw fasteners 214 are self -advancing when 

25 twisted about their central axis. Hub portion 244 of 
helical screw fasteners 214 slides along driver tips 266 
to accommodate the advancing motion. This arrangement 
keeps the helical screw fasteners 214 retained to the 
tool 210, preventing the fasteners from becoming 

3 0 prematurely detached from the tool. In one embodiment, 
shafts 262 extend directly in a radial direction or bend 
to go to a drive tip 266 at a different location due to 
space limitation in housing 270. In FIGS. 10-13 all of 
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the helical screw fasteners 214 can be advanced 
simultaneously into tissue when handle 224 is twisted 
relative to tool housing 216. Each flexible shaft 262 
turns or bends in a different radial direction. 
5 In FIG. 14, internal construction of drive 

train 250 is shown. FIG. 14 is a sectional view along 
line 14-14 of FIG. 12. In this embodiment, gear 256 is 
shown attached to gear shaft 252 and engaging all (e.g. 
eight or more) satellite gears 258. Gears 256, 258 are 

10 spur gears which mesh with each other as shown only 
partially at 274. The satellite gears are attached to 
flexible shafts 262 which serve as axles for the 
satellite gears 258. Drive train 250 is housed within 
tube 232 which, in turn, is housed in tool housing 216. 

15 The use of flexible shafts permits coupling around 
sharp, approximately right angle turns with multiple 
radial directions of drive for the multiple helical 
fasteners . 

The tissue annulus of the heart has been 
2 0 prepared to receive the heart valve prosthesis pursuant 
to techniques known in the art. Driver tool 210 has 
been preloaded with outer ring 212 snapped on its distal 
end 218 and helical screw fasteners 214 inserted in 
outer ring 212 and coupled to driver tips 266. Distal 
25 end 218 is then advanced toward prepared tissue annulus 
213 until outer ring 212 is aligned within the tissue 
annulus. Handle 224 is twisted to advance helical screw 
fasteners 214 into the tissue annulus. When outer ring 
212 is attached by helical screw fasteners 214 to the 
30 tissue annulus, handle 224 is lifted relative to tool 
housing 216. This compresses spring 272 and disengages 
driver tips 266 from helical screw fasteners 214 if they 
have not already been disengaged by the advance of the 
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helical fasteners. Handles 226 and 228 are squeezed 
together, unsnapping outer ring 212 of the heart valve 
from the tool 210. The tool 210 is removed, leaving 
outer ring 212 attached to the tissue annulus of the 
5 heart by multiple helical fasteners. 

In FIGS. 15 and 16, an alternative embodiment 
3 00 of the distal end of the driver tool shown in FIGS. 
10 and 11 is shown. In Figure 15, drive shaft 322, 
corresponding to drive shaft 222 in FIGS. 10 and 11, has 

10 a tapered portion 302 and a splined tip 304 at the 
distal end. The splined tip 3 04 engages a central hub 
306 of a turntable 308 for rotating the turntable 308. 
Turntable 308 has a circular gear rack 310 spaced 
radially outward from the central hub 306. A plurality 

15 of spur gears 312 engage the circular gear rack 310 with 
loose tolerances, allowing for any misalignment between 
the spur gears 312 and the turntable. Each spur gear 
312 has a hub 314 surrounding a throughhole 316 along a 
central axis of spur gear 312. Each hub 314 is flared 

20 or swaged outwardly to secure it to mounting tube 318 
such that it is free to spin when driven by circular 
gear rack 310. Turntable 308 is free to spin in a 
circular groove 3 09 formed on the end of mounting tube 
318. Each throughhole 316 is shaped to receive and 

25 loosely engage a driver tip 324. When driver tips 324 
are hexagonal, then throughhole 316 has a corresponding 
hexagonal shape and is slightly larger than driver tip 
324. A spring arrangement 326 coupled to the plurality 
of driver tips 324 provides axial force to the driver 

30 tips 324 for driving helical fasteners 214. Turntable 
3 08 and spur gears 312 comprise a drive train for 
driving the driver tips 324. Spring arrangement 326 
comprises a plurality of springs 330 which can be formed 
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from flat strips of spring steel or other suitable 
material. Each spring 330 is attached to mounting tube 
318 with a fastener 339. Each spring is also attached 
to a driver tip 324 with a fastener 335 so that driver 
5 tip 324 rotates easily on fastener 335 when it is driven 
by spur gear 312. Each spring 330 engages tapered 
portion 302 at contact point 332. When drive shaft 322 
is down (as illustrated in FIG. 15) the spring 
arrangement 326 applies a radially outward force to the 
10 driver tips assisting with engagement of tissue 334. 
When drive shaft 322 is lifted up, the contact points 
332 engage a narrower cross-section 333 of the tapered 
portion 302, resulting in a radially inward retraction 
force on the driver tips 324. Also, when drive shaft 
15 322 is lifted, the turntable 308 disengages from spline 
304, allowing the turntable 308 to rotate easily, which 
facilitates disengagement of driver tips 324. Drive 
shaft 322 is held in a position for driving by coil 
spring 336, which is compressed between lip 337 on 
20 driveshaft 322 and tube 232. When drive shaft 322 is 
lifted, spring 336 is compressed first to provide 
disengagement, and then as drive shaft 322 is lifted 
further, fully compressed spring 336 transfers lifting 
force to tube 232, and secondly then, spring 225, which 
25 is stiff er than spring 336, is compressed to allow 
disengagement of struts 23 6 from protruding ring 24 0 of 
outer ring 212. 

In the embodiments shown in FIG. 15, the 
springs 330 can be assisted by additional coil springs 
30 secured at location 331, if desired. 

In FIG. 17, a further embodiment 3 50 is shown 
which is similar to the embodiment shown in FIGS. 15-16, 
except that the gears 352 are beveled gears and the 
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circular gear rack 354 is correspondingly beveled to 
engage the beveled gears 352. Parts in FIG. 17 which 
are similar to those in FIGS. 15-16 have the same 
reference numbers that are used in FIGS. 15-16. 
5 In the embodiments shown in FIG. 17, the 

springs 330 can be assisted by additional coil springs 
secured at location 331, if desired. 

In FIG. 18, a further preferred embodiment of 
a helical screw fastener 400 is shown, and a 

10 corresponding driver tip 402 is shown in FIG. 19. 
Helical screw fastener 400 has a hub 404 which includes 
a last coil which turns into the center of helical screw 
fastener 400 to form a drive lug 406 which can receive 
a torsional force. Helical screw fastener 400 has a 

15 helical main body 408 ending in a sharp point 410 for 
engaging a tissue annulus such as tissue annulus 213 of 
FIG. 12. The driver tip 402 of FIG. 19 includes a slot 
420 with a slot base 422 for slidingly engaging drive 
lug 406. The driver tip 402 includes a round shaft 424 

20 which slidingly engages the main body 408 of helical 
screw fastener 400. The driver tip 402 also includes a 
shoulder 426 which, along with the slot base 422 
provides an axial driving force to helical screw 
fastener 400, urging the sharp point 410 toward the 

25 tissue annulus 213 of FIG. 12. Preferably, helical 
screws 214 may be coupled with outer ring 212 such that 
they are self advancing, thereby needing no axial 
driving force and simply advance into tissue annulus 213 
as they are turned. Helical screw fastener 400 and 

3 0 driver tip 402 can be used in the tools shown in FIGS. 
10-17 . 

For convenience, a driver tool 210 as shown in 
any of FIGS. 10-17, outer ring 212 and multiple helical 
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screw fasteners 214 are provided assembled in a package 
as a sterilized kit. The tool is preloaded by having 
outer ring 212 snapped in place on the distal end, 
helical fasteners preloaded in holes in the outer ring 
5 and the driver tips coupled to the helical fasteners. 

Preferably, the rings set forth herein are 
formed of biocompatible materials. The outer ring is 
generally made of material more flexible than the inner 
ring, such as polyethylene terephthlate (PET) , 

10 polyetheretherketones (PEEK) , ultrahigh molecular weight 
polyethylene, Nitinol® (a nickel-titanium alloy) , and 
polyurethane . The inner ring is made preferably of a 
material more rigid than the outer ring such as 
titanium, MP35N (wrought cobalt-nickel-chromium- 

15 molybdenum alloy) , ceramic, Elgiloy® (cobalt-chromium- 
nickel -molybdenum iron alloy) , pyroltic carbon or other 
rigid polymers for the inner ring. The particular 
shapes of the orifice rings and attachment mechanisms 
may be modified as appropriate. The ring coupling 

2 0 mechanism for coupling the two rings may be any 
mechanism as desired and is not limited to the 
particular "snap" coupling techniques set forth herein. 
For example, the coupling techniques may include screws, 
wires, bayonet locking mechanism, and nails which extend 

25 axially and engage the rings. Further, the configuration 
of the inner orifice ring and its occluding mechanism 
may be other than those set forth herein. 
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Implantation time is short and relatively 
simple implantation techniques can be used. Further, the 
angular positioning of the leaflets in the inner ring is 
easily accomplished by rotating the inner ring with 
5 respect to the outer ring. The invention allows 
surgical access to subvalvular features prior to 
coupling the inner ring to the outer ring without the 
possibility of damaging the occluding mechanism, for 
example. The inner valve ring can be removed and 

10 replaced without excising the entire prosthesis. The 
complexity of surgery is reduced because manual suturing 
may not be required. The area of the lumen is increased 
over typical prior art designs and a lower profile 
results because the cuff attachment mechanism requires 

15 less area. With the inner ring coupled to the outer 
ring, the outer ring attachment mechanisms are prevented 
from "backing out" and completely shielded from blood 
flow where they could otherwise initiate formation of 
thrombus. Any type of occluding mechanism may be used 

2 0 and the attachment mechanism may be integral with the 
ring body. The invention also eliminates suturing such 
that the implantation procedure is faster. Further, 
there are no suture tails which could lead to thrombus 
formation. The invention is also useful in minimally 

2 5 invasive surgery because the attachment is with a single 

elongate tool which can be placed through a trocar in 
the patient and the entire valve attached in a single 
step . 

The component parts of tools depicted in FIGS. 

3 0 10-17 can be constructed of biocompatible polymers such 

as polyurethane, delrin, polysulfone, of metals such as 
stainless steel, or of other biocompatible materials. 
Gears are preferably constructed of nylon, teflon or 
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stainless steel. The completed tool or kit can be gamma 
sterilized and disposable, if desired. Flexible shafts 
can be formed of stainless steel and coated with nylon 
or teflon for lubricity. Helical screw fasteners can be 
5 made of platinum- iridium alloy, MP35N (a wrought cobalt- 
nickel -chromium-molybdenum alloy), stainless steel, 
titanium or other biocompatible materials. If desired, 
an electric motor can be used to provide the torsional 
force rather than manually twisting a handle. 
10 Although the present invention has been 

described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS: 

1. A driver tool for a heart valve prosthesis 
component for driving helical fasteners through the 
heart valve prosthesis component into a tissue annulus 

5 of the heart, comprising: 

a tool housing having a distal end couplable 
to engage the heart valve prosthesis 
component and a proximal end spaced away 
from the distal end; and 

10 a drive train mounted in the tool housing 

having a drive shaft at the proximal end 
couplable to a driving force and a 
plurality of driver tips at the distal 
end couplable to the helical fasteners 

15 in the heart valve prosthesis component, 

the drive train distributing the driving 
force to each of the driver tips. 

2. The driver tool of claim 1, further 
comprising: 

2 0 a first handle extending from the proximal 

end and manually actuatable to couple a 
first actuation motion; and 
a disengagement mechanism in the tool housing 
receiving the first actuation motion and 

2 5 disengaging the driver tips from the 

helical fasteners responsive to the 
first actuation motion. 

3. The driver tool of claim 2, further 
comprising : 

3 0 a second handle extending from the proximal 

end and manually actuatable to couple a 
second actuation motion; and 
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a decoupling mechanism in the tool housing 
receiving the second actuation motion 
and decoupling the driver tool from the 
heart valve prosthesis component 
responsive to the second actuation 
motion. 

4. The driver tool of claim 1, wherein the drive 
train further comprises flexible shafts coupling the 
driving force to the driver tips. 

5. The driver tool of claim 4, wherein the 
flexible shafts make a turn to engage the driver tips. 

6. The driver tool of claim 5, wherein the 
flexible shafts make turns in a different radial 
direction for each flexible shaft. 

7. The driver tool of claim 1 wherein the drive 
train further comprises: 

a turntable with a central hub coupled to the 
drive shaft and a circular gear rack 
spaced radially outward from the central 
hub; 

a plurality of gears engaging the circular gear 
rack, each gear having engaging a driver 
tip. 

8. The driver tool of claim 7 further comprising: 
a spring arrangement coupled to the plurality of 

driver tips to provide axial force to 
the driver tips. 

9 . The driver tool of claim 8 wherein the drive 
shaft has a tapered surface coupled to the spring 
arrangement controlling the axial force to the driver 
tips . 

10. The driver tool of claim 7 wherein the 
plurality of gears are beveled. 
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11. The driver tool of claim 1 wherein the helical 
fasteners are self -advancing . 

12. The driver tool of claim 1 wherein the drive train 
comprises a central gear coupled to the drive shaft and 
a plurality of satellite gears engaging the central gear 
and coupled to the driver tips. 

13 . a driver tool for driving helical fasteners 
through a heart valve component into tissue, comprising: 

a tool housing having a distal end couplable 
to engage the heart valve component and 
a proximal end spaced away from the 
distal end; 

a drive shaft extending from the proximal 

end, the drive shaft being twistable by 

a twisting force; 
a plurality of driver tips extending from the 

distal end, each driver tip couplable to 

a helical fastener for the heart valve 

component ; and 
a drive shaft coupled to a drive handle and 

extending into the tool housing; 
a drive train in the tool housing coupling 

the twisting from the drive shaft to the 

driver tips. 

14 . a method of attaching an outer ring of a heart 

valve prosthesis component into a tissue annulus of a 
heart with helical fasteners, comprising: 

providing a driver tool which has a handle 
extending from a drive shaft on a 
proximal end for distributing drive to 
multiple driver tips on a distal end; 
attaching the outer ring of the heart valve 
prosthesis component to the distal end; 
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placing the multiple helical fasteners on the 
multiple driver tips and passing them 
through the outer ring of the heart 
valve prosthesis component; 
5 placing the outer ring into the tissue 

annulus of the heart 
driving the multiple helical fasteners into 
the annulus of the heart by twisting the 
drive shaft ; and 
10 removing the driver tool from the outer ring, 

leaving the outer ring attached to the 
tissue annulus . 
15. a kit for attaching a • heart valve prosthesis 

component to an annulus of tissue in a heart, 
15 comprising: 

an outer ring of a heart valve prosthesis 
component ; 

a driver tool having a handle extending from 
a drive shaft on a proximal end and 

20 distributing drive to a plurality of 

driver tips on a distal end of the 
driver tool, the distal end being 
removably attached to the outer ring of 
the heart valve prosthesis; and 

25 a plurality of helical fasteners passing 

through the outer ring of the heart 
valve prosthesis, each one of the 
helical fasteners removably coupling to 
one of the plurality of driver tips. 
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ENDOVASCULAR FASTENER APPLICATOR 
CROSS-REFERENCE TO RELATED APPLICATIONS 

This Patent Application claims the benefit of U.S. Provisional Application 
Serial No. 60/101,050 filed September 18, 1998, by Parodi et al., the entire contents of 
which are hereby incorporated by reference. 

BACKGROUND 

1. Technical Field 

This disclosure relates generally to vascular grafts for intraluminal delivery, and 
in particular, to a method and apparatus for repairing diseased or damaged sections of a 
vessel by fastening a prosthesis within the vessel. 

2. Description of Related Art 

Diseased or damaged blood vessels often cause weakening of the vessel wall 
resulting in an aneurysm whereby a blood vessel and especially an artery have a section 
of abnormal blood-filled dilation. For example, an abdominal aortic aneurysm is a sac 
caused by an abnormal dilation of the wall of the aorta, a major artery of the body as it 
passes through the abdomen. 

The abdominal aortic aneurysm usually arises in the infrarenal portion of the 
arteriosclerotically diseased aorta, for example, below the kidneys. Left untreated, the 
aneurysm will eventually cause rupture of the sac with ensuing fatal hemorrhaging in a 
very short time. High mortality associated with rupturing led the state of the art into 
trans-abdominal surgical repair of abdominal aortic aneurysms. 

Surgery involving the abdominal wall, however, is a major undertaking with 
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associated high risks. This type of surgery, in essence, involves replacing the diseased 
and aneurysmal segment of blood vessel with a prosthetic device which typically is a 
synthetic tube, or graft, usually fabricated of either DACRON™, TEFLON™, or other 
suitable material. 

The present state of the art for intraluminal repair of a vessel does not fasten a 
prosthesis to the remaining aortic wall. For example, U.S. Patent Nos. 5,571,171 and 
5,571,173 disclose a method and apparatus for treating an abdominal aortic aneurysm by 
supplying a prosthesis or an aortic graft for intraluminal delivery that does not fasten the 
graft to the remaining aortic wall. 

Presenting an aortic graft through the aorta by intraluminal delivery avoids major 
invasive surgery. The '171 and ' 1 73 patents disclose an aortic graft that is delivered 
intraluminally to the aneurysm site. The aortic graft is secured to the remaining aortic 
wall by a balloon that is inflated thereby causing the graft to contact and adhere to the 
remaining aortic wall. 

The major disadvantages related to the combination of endovascular expanders, 
such as a balloon or stent, and prosthesis is the dilation of the natural artery with 
consequent migrations and periprosthetic losses. Upon withdrawal of the expander, the 
tissue is caused to collapse and the prosthesis disengages from the remaining aortic wall 
and tends to migrate to a location away from the aneurysm site to be repaired. The 
migration and movement of the disengaged aortic graft would then obstruct the affected 
vessel. The migration and movement of the aortic graft requires further treatment on the 
patient to remove the failed attempt to attach the aortic graft to the remaining aortic wall. 

Further treatment may include major surgery that is hazardous and traumatic to 
the patient. Major surgery to remove the aortic graft defeats the benefits of intraluminal 
delivery of the aortic graft. The current state of the art does not disclose a fastener 
applicator that intraluminally delivers a vascular graft and endoluminally applies internal 
fasteners to fasten a prosthesis in place. 

Accordingly, there is a present need for a fastener applicator that intraluminally 



-2- 



WO 00/16701 



PCT/US99/21414 



delivers a vascular graft to a site within a vessel and applies fasteners to pass through 
both a prosthesis and the thickness of a vessel wall. The fastened prosthesis should also 
have the capability of following dilation of a vessel. 



5 

SUMMARY 

An endovascular fastener applicator for endoluminally delivering protheses for 
treating a vessel is disclosed. The endovascular fastener applicator includes a delivery 
assembly and a control assembly. The delivery assembly delivers a graft to a site within 

10 a vessel and fastens the prosthesis to a vessel by passing a fastener therethrough. The 

delivery assembly may include an outer sleeve, delivery tube and drive assembly for 
fastening a prosthesis to a vessel. The control assembly controls operation of the graft 
delivery catheter. At least a portion of the applicator can be fabricated from a shape 
memory material. The applicator can be configured to deploy multiple fasteners. 

15 In one embodiment, an endovascular fastener applicator is provided for 

endoluminally fastening a prosthetic to a vessel with a fastener, in accordance with the 
present disclosure. The applicator includes a tubular body that is configured for 
positioning within a vessel. An expandable portion is disposed adjacent a distal end of 
the tubular body and is deployable to support a prosthetic in contact with an inner surface 

20 of a vessel. A drive assembly is also included for advancing a fastener into the prosthetic. 

The drive assembly can be coaxially disposed within the tubular body. The drive 
assembly may include a curved portion oriented at an angle of substantially 90 ° from a 
longitudinal axis defined by the tubular body. In an alternate embodiment, the drive 
assembly includes a drive rod having a rectangular cross-section. The drive rod 

25 cooperates with an inner diameter of a fastener whereby movement of the drive rod 

causes advancement of a fastener. The drive assembly may be configured for axial and 
rotational motion. 

The endovascular fastener applicator may include a control assembly that is 
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operatively connected to the drive assembly for extracorporeal control of the applicator. 
In one embodiment, the control assembly includes a handle having a pistol-grip trigger 
configuration. 

The endovascular fastener applicator may include a delivery tube that is disposed 
for movement within the tubular body and which defines a channel for movement of the 
drive assembly therewithin. The delivery tube is configured for advancing a fastener 
within the tubular body. The delivery tube can be coaxially disposed with the tubular 
body. In another embodiment, the delivery tube includes an applicator head configured 
to facilitate deployment of the fastener. The applicator head may have a substantially 
perpendicular orientation to a longitudinal axis defined by the delivery tube. 

The fastener applicator may also include an elongate control positioned for 
movement within the tubular body. The expandable portion is operatively connected to a 
distal end of the tubular body and a distal end of the elongate control. The tubular body 
and the elongate control are manipulable to facilitate support of the prosthetic in contact 
with an inner surface of a vessel. The elongate control can be coaxially disposed with the 
tubular body. 

The expandable portion may include support members that define open interstitial 
regions therebetween. The support members can comprise a plurality of flexible wires. 
The support members may alternatively comprise a plurality of flexible tapes. 

In one embodiment, the drive assembly may include at least one fastener guide 
configured to guide advancement of a fastener. Each fastener guide cooperates with a 
prosthetic for guiding advancement. 

In another alternate embodiment, the applicator head includes an ejection mount 
that is disposed for movement relative to a prosthetic and configured for deployment of a 
plurality of helical fasteners. The ejection mount has an ejection head with a saw toothed 
face which is configured for engaging a prosthetic. A ratchet assembly may be included 
that is configured to facilitate movement of the ejection mount. 

In yet another alternate embodiment, an endovascular fastener applicator system 
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is disclosed for repairing a damaged portion of a vessel. The system includes at least one 
helical fastener and a prosthetic. Each helical fastener having a penetrating end and a 
limiting end. An endovascular fastener applicator, as discussed above, is also included. 
An applicator head, as discussed above, may be included, that is configured for engaging 
an interior portion of the prosthetic to facilitate uniform deployment of each helical 
fastener. A drive rod may have a cross-section corresponding to an interior cross-section 
defined by each helical fastener, and in cooperation, facilitate advancement and 
deployment of each helical fastener. 

In an alternate embodiment, the prosthetic includes an interior band having anchor 
pads circumferentially spaced about and implanted within the band. The pads correspond 
to the open interstitial regions of the expandable portion. The drive assembly includes 
guide wires configured for guiding advancement of each helical fastener and have anchor 
legs adjacent a distal end of each of the guide wires. The anchor legs releasably engage 
the anchor pads prior to deployment of each helical fastener and are retractable from the 
prosthetic upon deployment of each helical fastener. 

The applicator head may include an ejection mount configured for deploying at 
least one helical fastener and movable relative to an interior circumference of the 
prosthetic for deploying each helical fastener. The ejection mount includes an ejection 
head having a saw-toothed face for engaging the internal circumference of the prosthetic. 
The ejection head facilitates uniform deployment of each helical fastener. 

A method for endoluminally repairing a damaged portion of a vessel is disclosed. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Various embodiments are described herein with reference to the drawings, 
wherein: 

FIG. 1 is a perspective view of one embodiment of an endovascular 
fastener applicator in accordance with the present disclosure; 
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FIG. 2 is a cross-sectional view, in part elevation, of an aortic graft p 
at the site of an abdominal aortic aneurysm within the aorta; 

FIG. 3 is an enlarged detail view of a portion of FIG. 2 illustrating the 
aortic graft secured to the remaining aortic wall and maintained in position by helical 
fasteners; 

FIG. 4 is a cross-sectional view, in part elevation, of an aortic graft for 
treating an aortic aneurysm affecting the aorta and both ileac arteries; 

FIG. 5 is a perspective view of a helical fastener; 

FIG. 6 is a side elevation view of a helical fastener; 

FIG. 7 is a bottom perspective view taken along line 7-7 of FIG. 6 of a 
helical fastener having a rectangular configuration at its limiting end for cooperating with 
a rectangular drive assembly; 

FIG. 8 is a cross-sectional view taken along line 8-8 of FIG. 7 of a helical 

fastener; 

FIG. 9 is a cross-sectional view, in part elevation, of an endovascular 
fastener applicator; 

FIG. 10 is a cross-sectional view, in part elevation, of a distal portion of 
the applicator at the aneurysm site; 

FIG. 1 1 is a cross-sectional view of the control assembly; 

FIG. 12 is a cross-sectional view, in part elevation, of the applicator at the 
aneurysm site showing an expandable portion causing a prosthesis to contact a vessel 
wall; 

FIG. 13 is a cross-sectional view of the control assembly; 

FIG. 14 is a cross-sectional view, in part elevation, of the applicator at the 
aneurysm site showing advance of a delivery tube; 

FIG. 1 5 is a cross-sectional view of the control assembly; 

FIG. 16 is a cross-sectional view, in part elevation, of the applicator at the 
aneurysm site showing advance of a drive assembly; 
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FIG. 17 is a top view of a helical fastener defining a rectangular 
configuration at its limiting end for cooperating with a rectangular drive assembly, as 
shown in cross-section; 

FIG. 18 is a cross-sectional view of the control assembly; 

FIG. 19 is a cross-sectional view, in part elevation, of the delivery 
assembly showing rotation for insertion of a helical fastener; 

FIG. 20 is a cross-sectional view, in part elevation, of an alternate 
embodiment of the applicator showing the delivery assembly at the aneurysm with 
fastener guides; 

FIG. 21 is an enlarged detail view of a portion of FIG. 20 illustrating a 
helical fastener guided over a drive attached to a fastener guide; 

FIG. 22 is a cross-sectional view, in part elevation, of a helical fastener 
taken along line 22-22 of FIG. 21; 

FIG. 23 is a plan view, in part cross-section, taken along line 23-23 of 
FIG. 20 showing the applicator with fastener guides; 

FIG. 24 is a perspective view of one embodiment of a fastener guide in 
accordance with the present disclosure; 

FIG. 25 is a perspective view, in part cross-section, showing movement of 
the helical fastener over a drive prior to collapsing the fastener guide; 

FIG. 26 is a perspective view, in part cross-section, showing the drive after 
the fastener guide is collapsed and the helical fastener deployed; 

FIG. 27 is a perspective view, showing retraction of the drive and fastener 

guide; 

FIG. 28 is a perspective view of an alternate embodiment of the control 

assembly; 

FIG. 29 is a perspective view of the distal end of an alternate embodiment 
of the drive assembly loaded with a plurality of helical fasteners; 

FIG. 30 is a perspective view showing a helical fastener for loading with a 
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channel of the drive assembly; 

FIG. 31 is a perspective view of an alternate embodiment of a helical 

fastener; 

FIG. 32 is a perspective view of an applicator head and helical fasteners 
5 prior to deployment into a prosthesis; 

FIG. 33 is a perspective view of the helical fastener deployed into the 
prosthesis and artery; 

FIG. 34 is a perspective view of an alternate embodiment of the applicator 
showing the expandable portion in an expanded state; 
10 FIG. 35 is a perspective view of the expandable portion shown in FIG. 34 

in a relaxed state; 

FIG. 36 is an exploded view of the delivery assembly shown in FIG. 34; 

FIG. 37 is an exploded view of the drive assembly shown in FIG. 34; 

FIG. 38 is a perspective view of the drive assembly shown in FIG. 34; 
15 FIG. 39 is a perspective view of an embodiment of an ejection mount ; 

FIG. 40 is a perspective view of the ejection mount showing a set screw 
and cam divider for cooperating with the drive assembly; 

FIG. 41 is a cross-sectional view of the applicator with the expandable 
portion in a relaxed state and a prosthetic having a sealing gasket; 
20 FIG. 42 is a cross-sectional view, in part elevation, of the distal end of the 

applicator; 

FIG. 43 is a cross-sectional view, in part elevation, with the expandable 
portion in an expanded state; 

FIG. 44 is an enlarged cross-sectional view, in part elevation, of the distal 
25 end of the applicator; 

FIG. 45 is a perspective view of the expandable portion in an expanded 
state and the ejection mount loaded with helical fasteners; 

FIG. 46 is a cross-sectional view, in part elevation, with the ejection 
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mount pivoted for deployment of helical fasteners; 

FIG. 46A is a perspective view, in part cross-section, an alternate 
embodiment of the ejection mount pivoted for deployment of helical fasteners; 

FIG. 47 is a cross-sectional view, in part elevation, of the ejection mount 
engaging the aortic graft prior to deployment of helical fasteners; 

FIG. 48 is a perspective view, in part cross-section, showing deployment 
of helical fasteners; 

FIG. 49 is a perspective view, in part cross-section, showing retraction of 
the ejection mount; 

FIG. 50 is a cross-sectional view, in part elevation, showing the ejection 
mount subsequent to deployment of a helical fastener; and 

FIG. 51 is a top view of the applicator, showing movement of the ejection 
mount prior to deployment of a helical fastener. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 



As illustrated in FIG. 1, the present disclosure relates to an endovascular fastener 
applicator, generally referred to as numeral 50. Endovascular fastener applicator 50 
delivers aortic graft 100, as shown in FIGS. 2 and 3, for repairing an abdominal aortic 

20 aneurysm 120 in aorta 124 having two iliac arteries 126L and 126R associated therewith, 

as well as a plurality of renal arteries 130 located above aneurysm 120 in fluid 
communication with aorta 124. Repairing the aneurysm includes fastening an aortic graft 
100 to an aortic wall 132 by fasteners 80. Aortic graft 100, as well as other prostheses, 
may be utilized in the thoracic aorta, and can be used to repair thoracic aneurysms or 

25 thoracic dissecting aneurysms. Further, the fastener applicator 50 may also treat vascular 

trauma and other obstructive diseases with various prostheses. Accordingly, use of the 
term aortic aneurysm in this specification and claims is intended to relate to and mean 
both abdominal aortic aneurysms, thoracic aneurysms and related vessel diseases. 
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Endovascular fastener applicator 50 has a delivery assembly 60 and a control 
assembly 140. Delivery assembly 60, as illustrated in FIG. 9, includes a tubular body, 
such as, for example, an outer sleeve 64, an elongate control 68, a delivery tube 72 and a 
drive assembly 76, each having a proximal and distal end relative to control assembly 
140. Outer sleeve 64 defines a channel 65 and is adapted for insertion within aorta 
124(as shown in FIG. 10) and has an expandable portion 66 operatively connected at its 
distal end. Elongate control 68 is coaxially positioned within channel 65 of outer sleeve 
64 and is operatively connected to expandable portion 66 at its distal end. Delivery tube 
72 defines a channel 71 and is coaxially positioned within channel 65 of outer sleeve 64 
and adapted for advancing a helical fastener 80 to the abdominal aortic aneurysm site. 
Drive assembly 76 is coaxially positioned within channel 71 of delivery tube 72 and 
adapted for advancing, in cooperation with delivery tube 72, and deploying helical 
fastener 80 into aortic graft 100 and aorta wall 132. It is contemplated that the 
components of the delivery assembly may be alternately oriented relative to each other, 
such as, for example, bi-axial, offset, etc. It is further contemplated that the components 
of delivery assembly 60 are flexible and may be constructed from a shape memory 
material. 

Operation of endovascular fastener applicator 50 is controlled by control assembly 
140. As shown in FIGS. 1 and 9, control assembly 50 includes outer sleeve push bar 146, 
expandable portion control 150, delivery tube push bar 148 and handle 144. Outer sleeve 
push bar 146 is operatively connected to the proximal end of outer sleeve 64 for 
regulating movement of outer sleeve 64. Expandable portion control 150 is operatively 
connected to the proximal end of elongate control 68, which in turn is connected to 
expandable portion 66. Correspondingly, expandable portion control 150 controls the 
expansible force AA (shown in FIG. 12) exerted by expandable portion 66 for supporting 
aortic graft 100 in contact with aortic wall 132. Outer sleeve push bar 146 may also be 
adapted to influence expansible force AA. 

Delivery tube push bar 148 is operatively connected to the proximal end of 
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delivery tube 72 for regulating movement of delivery tube 72. Handle 144 is operatively 
connected to the proximal end of drive assembly 76, for controlling axial and rotational 
movement of drive assembly 76, described in detail below. 

As shown in FIG. 9, drive assembly 76 includes a drive 78. Drive 78 at its distal 
5 end has a curved portion 79 oriented at substantially 90° to the longitudinal axis of outer 

sleeve 64 and delivery tube 72 (similarly shown in FIGS. 10 and 12). It is contemplated 
that the curved portion may be positioned at various angular orientations. Drive 
assembly 76 transmits rotational motion from its proximal end to its distal end and 
through its curved portion 79 to facilitate deployment of helical fasteners 80 into the 

10 aortic graft 100 and aortic wall 132. 

In one embodiment, as illustrated in FIGS. 5-8, helical fasteners 80 have a 
sharpened distal end 81 and a penetration limit end 82. Helical fastener 80 has an outer 
diameter 83 and an inner diameter 84. Outer diameter 84 facilitates penetration of 
sharpened distal end 81 into aortic graft 100 and aortic wall 132. The surface of inner 

15 diameter 84 cooperatively engages drive assembly 76 and delivery tube 72 at their distal 

ends to facilitate loading of helical fastener 80 into endovascular fastener applicator 50. 
Preferably, inner diameter 84 and penetration limit end 82 have a rectangular 
configuration for cooperative engagement with drive assembly 76, drive assembly 76 also 
having a rectangular configuration at its distal end. Although a helical fastener is 

20 disclosed it is contemplated that fastener 80 may have various configurations, such as, for 

example, cylindrical, triangular, etc. It is further contemplated that fasteners 80 are of the 
metallic fastener staple type and are preferably made from stainless steel but may be 
constructed from a polymeric material. 

In the embodiment illustrated in FIG. 9, drive 78 is made from a shape memory 

25 alloy whereby drive 78 assumes the curved configuration of curved portion 79 upon 

exiting delivery tube 72. Delivery tube 72 may also include an applicator head 73 at its 
distal end having a curved orientation to facilitate deployment of helical fasteners 80, as 
shown in FIGS. 14, 16 and 19. Helical fasteners 80, as shown in FIG. 3, are deployed 
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into aortic graft 100 and aortic wall 132 for fastening. 

In an alternate embodiment, repair of abdominal aortic aneurysm 120, as shown in 
FIG. 10, proceeds by insertion of endovascular fastener applicator 50 into aorta 124 and 
advancing to the abdominal aortic aneurysm site by manipulation by a surgeon of control 
assembly 140. Endovascular fastener applicator 50 delivers aortic graft 100 to abdominal 
aortic aneurysm 120 by advancing the aortic graft 100 so that a sufficient portion of aortic 
graft 100 is brought in contact with aortic wall 132. Aortic graft 100 is a conventional 
tubular graft made of DACRON®, TEFLON® (polytetrafluoroethylene) and the like and 
is of a length sufficient to span the abdominal aortic aneurysm 120. 

With reference to FIGS. 11-19, delivery assembly 60 and aortic graft 100 are 
delivered to the abdominal aneurysm site by manipulation of outer sleeve push bar 146, 
as shown by arrows A in FIG. 11. Aortic graft 100 is positioned at the abdominal 
aneurysm site. Expandable portion 66 is caused to expand, shown by arrows AA in FIG. 
12, in response to cooperative manipulation of outer sleeve push bar 146 and elongate 
control 68. Outward radial force AA supports aortic graft 100 in contact with aortic wall 
132. Expandable portion 66 facilitates fastening of aortic graft 100 with aortic wall 132 
by deployment of helical fasteners 80. In this embodiment, expandable portion 66 
includes support members 67 that define interstitial regions 70 therebetween. Helical 
fasteners 80 are deployed through interstitial regions 70 and into aortic graft 100. It is 
contemplated that helical fasteners 80 may be deployed at various locations about the 
circumference of aortic graft 100 relative to the number of support members 67 and 
spacing of interstitial regions 70. 

Delivery tube push bar 148 is manipulated to axially advance delivery tube 72 
within outer sleeve 64, as shown by arrows B in FIG. 13. At its distal end, delivery tube 
72 has an applicator head 73 configured to have a substantially perpendicular orientation 
to the longitudinal axis of delivery tube 72. Drive 78 follows the substantially 
perpendicular orientation of delivery tube 72 to facilitate deployment of helical fasteners 
80. It is contemplated that applicator head 73 may have various configurations and 
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orientations to facilitate deployment of helical fasteners 80. 

With reference to FIG. 14, delivery tube 72 is advanced to a location where aortic 
graft 100 will be fastened to aortic wall 132. A loaded helical fastener 80 is oriented for 
deployment by applicator head 73, as shown by arrows C. Applicator head 73 is 
articulable in a clockwise and a counter-clockwise direction about the inner surface of 
graft 100. The surface of inner diameter 84 and penetration limit end 82 of helical 
fastener 80 have a rectangular configuration for cooperative engagement with drive 
assembly 76, drive assembly 76 also having a rectangular configuration at its distal 
end(FIG. 1 7). It is contemplated that the remainder of drive assembly 76 may not be in 
cooperative engagement with the surface of inner diameter 84. Helical fastener 80 has a 
substantially circular cross-section. It is envisioned that other cross-sectional 
configurations may be used that are suitable for fastening. 

With reference to FIG. 15 and 16, handle 144 is manipulated to advance drive 
assembly 76. A torque is applied to handle 144 transmitting a rotational force from the 
proximal end to the distal end of drive assembly 76. The rectangular configuration of 
drive assembly 76 cooperates with the rectangular configuration of the surface of inner 
diameter 84 causing rotational movement of helical fastener 80. The sharpened distal end 
81 of helical fastener 80 contacts the interior wall 102 of aortic graft 100 thereby 
facilitating deployment of fastener 80 into aortic graft 100 and aortic wall 132. Helical 
fastener 80 penetrates aortic graft 100 and aortic wall 132 to penetration limit end 82 
thereby fastening aortic graft 100 to aortic wall 132. 

In the embodiment shown in FIG. 19, delivery tube 72 cooperates with elongate 
control 68 at junction 69. Junction 69 facilitates rotation of delivery tube 72 and drive 
assembly 76 positioned coaxially therewithin, to a location for deployment of helical 
fasteners 80, as shown in FIG. 19 by arrow D. Junction 69 rotates by manipulation of 
expandable portion control 150, as shown in FIG. 18. Delivery tube 72 is retracted from 
the fastening site and loaded with another helical fastener 80 for subsequent deployment 
at another location along the diameter of aortic graft 100. As many helical fasteners 80 
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may be deployed as are necessary to adequately fasten aortic graft 100 to aortic wall 132. 
Fastening in this manner prevents periprosthetic losses and accidental migration of aortic 
graft 100. It is contemplated that multiple helical fasteners 80 may be loaded into 
endovascular fastener applicator 50. 

In another embodiment, as shown in FIGS. 20-27, endovascular fastener 
applicator 50 positions aortic graft 100 at the aneurysm site and in contact with aortic 
wall 132. Referring to FIG. 20 aortic graft 100 includes band 104 having anchor pads 

107 implanted therewithin. As shown in FIG.23, anchor pads 107 are implanted 
circumferentially about band 104. Band 104 may be fabricated from, such as, for 
example, polytetrafluoroethylene. Anchor pads 107, are implanted within band 104 
corresponding to interstitial regions 70 located between support members 67 of 
expandable portion 66. Referring to FIG. 23, pads 107 have a substantially circular 
configuration. It is envisioned that the pads may have other configurations such as, for 
example, rectangular, elliptical, etc. 

Anchor pads 107 cooperatively engage fastener guides 106 positioned at the distal 
end of drive assembly 76. Anchor pads 107 and fastener guides 106 cooperate to provide 
a guided deployment of helical fasteners 80 and facile release of drive assembly 76 from 
the aneurysm site. Referring to FIGS. 21 and 22, drive assembly 76 further includes 
multiple guide wires 77 releasably attached to fastener guides 106. Guide wires 77 
facilitate guided travel of fasteners 80. 

Referring back to FIG. 24, fastener guides 106 include anchor legs 108. Anchor 
legs 108 are resiliently biased so that upon deployment of helical fastener 80, anchor legs 

108 are caused to collapse and release from band 104. Anchor legs 108 are connected to 
multiple guide wires 77 so that after collapse and release of anchor legs 108, multiple 
guide wires 77 are retracted from the fastening site. Anchor pad 107 is retained within 
band 104 after helical fastener 80 is deployed. 

As shown in FIG. 25, expandable portion 66 supports aortic graft 100 in contact 
with aortic wall 132. Applicator head 73 of delivery tube 72 is configured and 
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dimensioned to cooperate with inner diameter 84 to advance a helical fastener 80 over 
multiple guide wires 77, as shown by arrows E. As helical fastener 80 is deployed, 
anchor legs 108 are caused to collapse, shown by arrows F in FIG. 26. Delivery tube 72 
causes rotational movement of helical fastener 80 and corresponding penetration of band 
104, aortic graft 100 and aortic wall 132, facilitating fastening. 

Delivery tube 72 is retracted subsequent to deployment of helical fastener 80 and 
multiple guide wire 77 is also retracted, as shown in FIG. 27, with helical fastener 80 in a 
deployed position. Delivery tube 72 is subsequently loaded with another helical fastener 
80 for deployment from another of multiple guide wires 77. As many helical fasteners 80 
may be deployed as are necessary to adequately fasten aortic graft 100 to aortic wall 132. 
It is contemplated that at least a portion of the fastener guides and/or guide wires may 
remain fixed to the prosthetic upon deployment of a fastener. 

In another embodiment as shown in FIG. 28, control assembly 140 includes a 
handle 110 and a trigger 120 for controlling operation of endovascular fastener applicator 
50. In this embodiment, handle 1 10 controls advancement of delivery tube 72 (not 
shown) and trigger 120 controls advancement of drive assembly 76 (not shown) and 
deployment of helical fasteners 80 (not shown). 

In another embodiment, as illustrated in FIGS. 29-33, a plurality of helical 
fasteners 80 are loaded in endovascular fastener applicator 50 for deployment. As shown 
in FIG. 30, drive assembly 76 defines a channel 75 for accepting helical fasteners 80 
(FIG. 31). In particular, penetration limit end 82 of helical fastener 80 slidably engages 
channel 75 providing a plurality of helical fasteners 80 for deployment, as shown in FIG. 
29. Applicator head 73 of delivery tube 72 engages band 104, as shown in FIG. 32, and 
drive assembly 76 advances helical fasteners 80 to penetrate band 104, aortic graft 100 
and aortic wall 132, shown by arrows G. As shown in FIG. 33, aortic graft 100 is 
fastened to aortic wall 132 of aorta 124 by helical fastener 80. After deployment of a 
helical fastener 80, delivery tube 72 is rotated to deploy another of the plurality of helical 
fasteners 80, consequently reloading is not required. 
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In another embodiment, as illustrated in FIGS. 34-51, expandable portion 66 is 
capable of moving between two extreme positions. A relaxed position, as shown in FIG. 
35, and an expanded position, as shown in FIG. 34. In the embodiment illustrated in FIG. 
34, expandable portion 66 includes support members 67 that define open interstitial 
regions 70. 

As best shown in FIG. 36, outer sleeve 64 operatively engages with expandable 
portion 66 for controlling operation between the two extreme positions. Expandable 
portion 66 has an atraumatic head 200 attached to opening 210 defined at the distal end of 
expandable portion 66 and opening 212 defined at its proximal end for receiving 
applicator head 73 of delivery tube 72. Applicator head 73 includes ejection mount 250 
for deployment of a plurality of helical fasteners 80 from drive assembly 76. 

Ejection mount 250, as shown in FIG. 36, includes yoke 256 and ejection head 
260. Yoke 256 engages penetration head 200 for coaxial positioning within expandable 
portion 66. Ejection head 260 is pivotally positioned within yoke 256. Ejection head 260 
includes a cam divider 262 and a saw-toothed face 264. Ejection head 260 is capable of 
rotational movement relative to delivery tube 72 and pivotal movement between two 
extreme positions. A first extreme position is coaxial with delivery tube 72 and a second 
extreme position is perpendicular to the longitudinal axis of delivery tube 72 and in 
position to deploy a helical fastener 80. 

With reference to FIGS. 37 and 38, drive assembly 76 includes distal drive 280, 
proximal drive 284, outer drive 285, ratchet assembly 286, spring 294 and washer 296. 
Distal drive 280 defines a slot 281 for receiving penetration limit end 82 for loading a 
plurality of helical fasteners 80. The plurality of helical fasteners 80 are spring loaded 
onto drive assembly 76 and separated from spring 294 by washer 296. 

Distal drive 280 is operatively connected to ratchet assembly 286 which is 
operatively connected to proximal drive 284 and outer drive 285. Ratchet assembly 286 
includes ratchet sleeve 287 which defines opening 288 for receipt of distal drive 280. 
Manipulation of proximal drive 284 causes movement of distal drive 280 to facilitate 
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deployment of helical fasteners 80. Ratchet sleeve 287 also defines opening 289 for 
receipt of proximal drive 284. Ratchet sleeve 287 is slidably received within ratchet 
retainer 290 for cooperative engagement with outer drive 285. Ratchet retainer 290 
defines opening 291 for receiving ratchet arm 292. 

As shown in FIGS. 39 and 40, ratchet arm 292 engages ejection head 260. 
Ratchet arm 292 is positioned within cam divider 262 in ejection head 260 and secured 
therein by set screw 298. It is contemplated that ratchet arm 292 is crimped in place 
within ejection head 260 and that no set screw is required. It is further contemplated that 
ratchet arm 292 may be fixed within ejection head 260 as is known by one skilled in the 
art. Manipulation of outer drive 285 engages ratchet retainer 290 and ratchet arm 292 
causing pivotal movement of ejection head 260 relative to delivery tube 72. 

As illustrated in FIGS. 41 and 42, delivery assembly 60 is positioned at the 
aneurysm site of abdominal aortic aneurysm 120. Aortic graft 100 is positioned for 
fastening to aortic wall 132 of aorta 124. Aortic graft 100 has band 104. Aortic graft 100 
may also have gasket 105, as shown in FIG. 41, sewn to the outside diameter of aortic 
graft 100 to prevent leakage of fluid. 

Expandable portion 66 is in a relaxed state, as shown in FIGS. 41 and 42. Aortic 
graft 100 is positioned at the abdominal aneurysm site and expandable portion 66 is 
caused to expand by axial motion of outer sleeve 64, shown by arrows I in FIG. 44 and by 
arrows H in FIG. 43, illustrating the outward force of support members 67 used to 
support aortic graft 100 in contact with aortic wall 132. Expandable portion 66 facilitates 
fastening of aortic graft 100 with aortic wall 132 for deployment of helical fasteners 80 
by securing aortic graft 100 in contact with aortic wall 132. It is contemplated that 
helical fasteners 80 may be deployed from ejection mount 250 through interstitial regions 
70 between support members 67. The helical fasteners 80 are deployed about the 
circumference of aortic graft 1 00 relative to the number of support members 67 and 
spacing of interstitial regions 70. 

As shown in FIG. 45, drive assembly 76 is loaded with a plurality of helical 
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fasteners 80. Referring to FIG. 46, delivery tube 72 has an ejection arm 310 positioned at 
its distal end facilitating pivotal movement of ejection mount 250. An arm 292 functions 
as an ejection arm to ejection head 260. This provides extra holding force on the graft 
which pivots ejection head 260 positioned at its distal end. Ejection arm 310 includes a 
slider 312 received within a cam slot 300 defined by ejection head 260. Cam slot 300 
further defines the relative movable limits of slider 312 and thus ejection arm 310. 

Delivery tube 72 is manipulated advancing ejection arm 310 axially causing 
pivotal movement of ejection head 260, shown by arrow J, and positioning ejection head 
260 for deployment of helical fasteners 80. Ejection head 260 is positioned in a 
substantially perpendicular orientation to the longitudinal axis of delivery tube 72. 

It is contemplated that ejection arm 310 has alternate orientations for causing 
movement of ejection head 260. For example, in an alternate embodiment shown in FIG. 
46 A, ejection head 260 pivots within expandable portion 66 and is positioned at the 
center of expandable portion 66. Saw-toothed face 264 is positioned at a closer proximity 
to the inner surface of graft 100 for accurate deployment of a fastener. At the center 
position, ejection head 260 spans a diameter that expandable portion 66 supports aortic 
graft 100 in contact with aortic wall 132. In this embodiment, ejection arm 310 is fixed at 
a maximum angle relative to delivery tube 72. 

Drive assembly 76 is manipulated so that ejection head 260 engages band 104 of 
aortic graft 100 for deployment of helical fasteners 80, as illustrated in FIG. 47. Outer 
drive 285 and proximal drive 284 are advanced, shown by arrows K. Ejection arm 292 
correspondingly axially positions saw-tooth face 264 of ejection head 260 to contact band 
104 of aortic graft 100, as shown by arrow L. Ejection arm 292 may also cause rotational 
movement of ejection head 260 and saw-tooth face 264 for engaging aortic graft 100. 

With reference to FIG. 48, distal drive 280 advances and is rotated causing helical 
fasteners 80 to penetrate and fasten aortic graft 100 and aortic wall 132, as shown by 
arrow M. 

As shown in FIG. 49, delivery tube 72 is manipulated so that ejection arm 310 
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pivotally retracts ejection head 260 to a position substantially parallel to the longitudinal 
axis of delivery tube 72, as shown by arrows MM. 

FIG. 50 illustrates a retracted ejection mount 250 subsequent to deployment of 
one of a plurality of helical fasteners 80. A rotational force is transmitted from the 
proximal end to the distal end of drive assembly 76, shown by arrows N, thereby driving 
and axially advancing another of the plurality of helical fasteners 80, shown by arrows P, 
for deployment by ejection head 260 at a new deployment site. 

FIG. 51 shows ejection head 260 positioned in a substantially perpendicular 
orientation to the longitudinal axis of delivery tube 72(not shown). Ejection head 260 is 
rotated to a new deployment site to deploy another of the plurality of helical fasteners 80 
(not shown). As many helical fasteners 80 may be deployed as are necessary to 
adequately fasten aortic graft 100 to aortic wall 132. 

It will be understood that various modifications may be made to the embodiments 
disclosed herein. For example, while specific preferred embodiments of the endovascular 
fastener applicator have been described in detail, structures that perform substantially the 
same function in substantially the same way to achieve substantially the same result may 
also be used. For example, the expandable portion may include expanding wires for 
supporting a prostheses in contact with a vessel wall. Also the fastener guide may be 
implanted completely through the thickness of the aortic graft. Further, the helical 
fasteners may be constructed from various suitable materials or may embody one 
continuous fastener that is severable at the point of insertion. Therefore, the above 
description should not be construed as limiting, but merely as exemplifications of 
preferred embodiments, those skilled in the art will envision other modifications within 
the scope and spirit of the present disclosure. 
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WHAT IS CLAIMED IS: 

1 . An endovascular fastener applicator for endoluminally fastening a 
prosthetic to a vessel with a fastener, the applicator comprising: 

a tubular body configured for positioning within a vessel; 

an expandable portion disposed adjacent a distal end of the tubular body 
and being deployable to support a prosthetic in contact with an inner surface of a vessel; 
and 

a drive assembly for advancing a fastener into the prosthetic. 

2. An endovascular fastener applicator as recited in claim 1, further 
comprising a control assembly operatively connected to said drive assembly for 
extracorporeal control of the applicator. 

3. An endovascular fastener applicator as recited in claim 1, further 
comprising a delivery tube being disposed for movement within the tubular body and 
defining a channel for movement of the drive assembly therewithin, the delivery tube 
being configured for advancing a fastener within the tubular body. 
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4. An endovascular fastener applicator as recited in claim 1, further 
comprising an elongate control positioned for movement within the tubular body, 
wherein the expandable portion is operatively connected to a distal end of the tubular 
body and a distal end of the elongate control, the tubular body and the elongate control 
being manipulable to facilitate support of the prosthetic in contact with an inner surface 
of a vessel. 

5. An endovascular fastener applicator as recited in claim 4, wherein the 
elongate control is coaxially disposed with the tubular body. 

6. An endovascular fastener applicator as recited in claim 3, wherein the 
delivery tube is coaxially disposed with the tubular body. 

7. An endovascular fastener applicator as recited in claim 1 , wherein the 
drive assembly is coaxially disposed with the tubular body. 

8. An endovascular fastener applicator as recited in claim 1, wherein at 
least a portion of the applicator is fabricated from a shape memory material. 

9. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly includes a curved portion oriented at an angle of substantially 90° from a 
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longitudinal axis defined by the tubular body. 



10. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly is configured for axial and rotational motion. 

5 

11. An endovascular fastener applicator as recited in claim 3, wherein the 
delivery tube includes an applicator head configured to facilitate deployment of a 
fastener. 



10 12. An endovascular fastener applicator as recited in claim 1, wherein the 

expandable portion includes support members that define open interstitial regions 
therebetween. 



13. An endovascular fastener applicator as recited in claim 12, wherein 
15 the support members comprise a plurality of flexible wires. 

14. An endovascular fastener applicator as recited in claim 12, wherein 
the support members comprise a plurality of flexible tapes. 

20 1 5 . An endovascular fastener applicator as recited in claim 1 1 , wherein 

the applicator head has a substantially perpendicular orientation to a longitudinal axis 



-22- 



WO 00/16701 PCT/US99/21414 

defined by the delivery tube. 

16. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly includes a drive rod having a rectangular cross-section, the drive rod 

5 cooperating with an inner diameter of a fastener whereby movement of the drive rod 

causes advancement of a fastener. 

17. An endovascular fastener applicator as recited in claim 1, wherein the 
applicator is configured to deploy multiple fasteners. 

10 

18. An endovascular fastener applicator as recited in claim 1, wherein the 
drive assembly includes at least one fastener guide configured to guide advancement of a 
fastener, each fastener guide cooperates with a prosthetic for guiding advancement of a 
fastener. 

15 

19. An endovascular fastener applicator as recited in claim 2, wherein the 
control assembly includes a handle having a pistol-grip trigger configuration. 

20. An endovascular fastener applicator as recited in claim 11, wherein 
20 the applicator head includes an ejection mount disposed for movement relative to a 

prosthetic and configured for deployment of a plurality of helical fasteners, the ejection 
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mount has an ejection head with a saw toothed face configured for engaging a prosthetic, 
facilitating uniform deployment of each fastener deployed. 



21 . An endovascular fastener applicator as recited in claim 20, further 
5 including a ratchet assembly configured to facilitate movement of the ejection mount. 

22. An endovascular fastener applicator system for repairing a damaged 
portion of a vessel, the system comprising: 

at least one helical fastener, each helical fastener having a penetrating end 
10 and a limiting end; 

a prosthetic; and 

an endovascular fastener applicator including: 

a tubular body configured for positioning within a vessel; 

a delivery tube being disposed for movement within the tubular body and 
1 5 configured for advancing each helical fastener within the tubular body, the delivery tube 

including an applicator head adjacent a distal end thereof, the applicator head being 
configured for deploying each helical fastener and having a substantially perpendicular 
orientation relative to a longitudinal axis defined by the delivery tube; 

an expandable portion being operatively connected adjacent the distal end 
20 of the tubular body and including support members that define open interstitial regions, 

the support members being configured to support the prosthetic in contact with an inner 
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surface of the vessel; 

a drive assembly being disposed for axial and rotational movement within 
the delivery tube, the drive assembly including a drive rod configured to cooperate with 
the helical fastener for advancing the helical fastener and facilitating deployment thereof 
to the prosthetic; and 

a control assembly operatively connected to the drive assembly for 
extracorporeal control of the applicator. 

23. An endo vascular fastener applicator system as recited in claim 22, 
wherein the applicator head is configured for engaging an interior portion of the 
prosthetic to facilitate uniform deployment of each helical fastener. 

24. An endovascular fastener applicator system as recited in claim 22, 
wherein the drive rod has a cross-section corresponding to an interior cross-section 
defined by each helical fastener and in cooperation facilitates advancement and 
deployment of each helical fastener. 

25. An endovascular fastener applicator system recited in claim 22, 
wherein the prosthetic includes an interior band having anchor pads circumferentially 
spaced about and implanted within the band, the pads corresponding to the open 
interstitial regions of the expandable portion, the drive assembly further including guide 
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wires being configured for guiding advancement of each helical fastener and having 
anchor legs adjacent a distal end of each of the guide wires, the anchor legs releasably 
engaging the anchor pads prior to deployment of each helical fastener and being 
retractable from the prosthetic upon deployment of each helical fastener. 

26. An endovascular fastener applicator system as recited in claim 22, 
wherein the applicator head includes an ejection mount being configured for deploying at 
least one helical fastener and movable relative to an interior circumference of the 
prosthetic for deploying each helical fastener, the ejection mount including an ejection 
head having a saw-toothed face for engaging the internal circumference of the prosthetic, 
the ejection head facilitating uniform deployment of each helical fastener. 

27. An endovascular fastener applicator system as recited in claim 26, 
further including a ratchet assembly being configured to facilitate movement of the 
ejection mount. 

28. A method for endoluminally repairing a damaged portion of a vessel, 
the method comprising the steps of: 

providing an endovascular fastener applicator for endoluminally fastening 
a prosthetic to a vessel with a fastener, the applicator including: a tubular body 
configured for positioning within a vessel, an expandable portion disposed adjacent a 
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distal end of the tubular body and being deployable for supporting a prosthetic in contact 
with an inner surface of a vessel, and a drive assembly for advancing a fastener into a 
prosthetic; 

expanding the expandable portion adjacent an inner surface of the vessel 
5 to facilitate support of a prosthetic in contact with a vessel; 

advancing a fastener with the drive assembly to a site for deployment of 
the fastener; and 

deploying the fastener with the drive assembly to penetrate the prosthetic. 
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SURGICAL FASTENER 

Background of the Invention 

1 . Field of the Invention 

The present invention relates to methods and apparatus for the repair of abdominal 
aortic aneurysms using a novel prosthetic tube graft within the abdominal aorta. 

2. Description of Related Art 

An aneurysm is a ballooning of the wall of an artery resulting from the weakening of 
the artery due to disease or other conditions. Left untreated, the aneurysm will frequently 
rupture, resulting in loss of blood through the rupture and death. 

Aortic aneurysms are the most common form of arterial aneurysm and are life 
threatening. The aorta is the main artery which supplies blood to the circulatory system. The 
aorta arises from the left ventricle of the heart, passes upward and bends over behind the 
heart, and passes down through the thorax and abdomen. Among other arterial vessels 
branching off the aorta along its path, the abdominal aorta supplies two side vessels to the 
kidneys, the renal arteries. Below the level of the renal arteries, the abdominal aorta 
continues to about the level of the fourth lumbar vertebrae (or the navel), where it divides 
into the iliac arteries. The iliac arteries, in turn, supply blood to the lower extremities and 
perineal region. 

It is common for an aortic aneurysm to occur in that portion of the abdominal aorta 
between the renal arteries and the iliac arteries. This portion of the abdominal aorta is 
particularly susceptible to weakening, resulting in an aortic aneurysm. Such an aneurysm is 
often located near the iliac arteries. An aortic aneurysm larger than about 5 cm in diameter 
in this section of the aorta is ominous. Left untreated, the aneurysm may rupture, resulting 
in rapid, and usually fatal, hemorrhaging. Typically, a surgical procedure is not performed 
on aneurysms smaller than 5 cm because no statistical benefit exists in performing such 
procedures. 
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Aneurysms in the abdominal aorta are associated with a particularly high mortality 
rate; accordingly, current medical standards call for urgent operative repair. Abdominal 
surgery, however, results in substantial stress to the body. Although the mortality rate for an 
aortic aneurysm is extremely high, there is also considerable mortality and morbidity 
associated with open surgical intervention to repair an aortic aneurysm. This intervention 
involves penetrating the abdominal wall to the location of the aneurysm to reinforce or 
replace the diseased section of the aortic aneurysm. A prosthetic device, typically a synthetic 
tube graft, is used for this purpose. The graft serves to exclude the aneurysm from the 
circulatory system, thus relieving pressure and stress on the weakened section of the aorta at 
the aneurysm. 

Repair of an aortic aneurysm by surgical means is a major operative procedure. 
Substantial morbidity accompanies the procedure, resulting in a protracted recovery period. 
Further, the procedure entails a substantial risk of mortality . While surgical intervention may 
be indicated and the surgery carries attendant risk, certain patients may not be able to tolerate 
the stress of intra-abdominal surgery. It is, therefore, desirable to reduce the mortality and 
morbidity associated with intra-abdominal surgical intervention. 

In recent years, methods have been developed to attempt to treat an aortic aneurysm 
without the attendant risks of intra-abdominal surgical intervention. Among them are 
inventions disclosed and claimed in Romberg, U.S. Patent No. 4,562,596 for Aortic Graft, 
Device and Method for Performing an Intraluminal Abdominal Aortic Aneurysm Repair; 
Lazarus, U.S. Patent No. 4,787,899 for Intraluminal Graft Device, System and Method; and 
Taheri, U.S. Patent No. 5,042,707 for Intravascular Stapler, and Method of Operating Same. 

Kornberg discloses an aortic graft comprising a flexible tubular material having a 
plurality of struts to lend the graft stability and resiliency. The struts have angled hooks with 
barbs at their upper ends which are securely attached to the inside of the aorta above the 
aneurysm. Romberg's graft is inserted using a tubular device also disclosed in his patent. 
Kornberg, however, only anchors the proximal end of the graft. Kornberg claims that the 
downward flow of blood holds the distal graft securely in place, so that no mechanical 
attachment is necessary distally. The blood pressure in the abdominal aorta, however, is 
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typically in the magnitude of 130 mm of mercury (Hg). In spite of the direction of flow of 
blood through the graft, proximal to distal, substantial back pressure within the aneurysm will 
result unless the distal end is also mechanically attached to the aorta in a manner that 
prevents substantial leakage of blood between the graft and the aorta. Without distal 
attachment, the device of Romberg will not effectively exclude the weakened arterial wall 
at the site of the aneurysm from the forces and stress associated with the blood pressure. 

Lazarus discloses a grafting system that employs a plurality of staples mounted in the 
proximal end of the graft. Lazarus's staples are forced through the aorta wall by means of a 
balloon catheter. As does Kornberg, Lazarus discloses staples mounted only in the proximal 
end of the graft. There is no teaching or suggestion in Lazarus, U.S. Patent No. 4,787,899 
as to the desirability of, let alone means for, mechanically attaching the graft to the distal 
aorta below the level of the aneurysm. 

Taheri discloses an articulatable stapler for implanting a graft in a blood vessel. The 
stapler is in the form of an elongated catheter with a plurality of segments mounted on the 
distal end of the catheter. The segments have beveled faces and are connected to each other 
by hinges. A stylet runs through the catheter to the most distal segment. The most distal 
segment is moved, in conjunction with the other segments, into a firing position that is 
substantially perpendicular to the main catheter body by the action of pulling on the stylet. 
The staple is implanted by using two other stylets which act as fingers to bend the staple into 
its attachment position. 

Taheri, however, appears to be a single-fire design which can only implant one staple 
at a time. After each stapler is implanted, Taheri's design apparently requires that the catheter 
be removed before another staple is loaded. In addition, Taheri's does not teach or suggest 
an appropriate density of staples to secure a graft against the pulsatile blood flow of the aorta. 
Pressures within the aorta range from 1 20 mm Hg pressure to 200 mm Hg pressure. Without 
adequate attachment, the graft may leak around the edges continuing to allow life threatening 
pressures to develop in the aneurysm, and may not even remain in place. 

Hence, although in recent years certain techniques have been developed that may 
reduce the stress, morbidity, and risk of mortality associated with surgical intervention to 
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repair aortic aneurysms, none of the systems that have been developed effectively treat the 
aneurysm and exclude the affected section of aorta from the pressures and stresses associated 
with circulation. None of the devices disclosed in the references provide a reliable and quick 
means to reinforce an aneurysmal artery. In addition, all of the prior references require a 
5 sufficiently large section of healthy aorta surrounding the aneurysm to ensure attachment of 
the graft. The neck of the aorta at the cephalad end (i.e., above the aneurysm) is usually 
sufficient to maintain a graft's attachment means. However, when an aneurysm is located 
near the iliac arteries, there may be an ill-defined neck or no neck below the aneurysm. Such 
an ill-defined neck would have an insufficient amount of healthy aortic tissue to which to 

1 0 successfully mount a graft. Furthermore, much of the abdominal aorta wall may be calcified 
which may make it extremely difficult to attach the graft to the wall. 

There are a number of shortcomings with the presently available graft products and 
their fixation within the abdominal aorta. Although sizing of "tube" or "bifurcated" grafts 
is radiographically assessed prior to surgery, it is necessary for the surgeon to have a large 

1 5 selection of graft lengths and diameters on hand to ensure an appropriate surgical outcome. 
Additional shortcomings include the placement of a "circular" profile graft with an associated 
fixation device within an essentially "ovoid" profile vessel and the use of attachment means 
which fasten only to the insubstantial, structurally compromised (diseased) intima and media 
levels of the vessel wall. Research has exposed yet another problem which indicates that the 

20 necks of the post-surgical aorta increase in size for approximately twelve months, regardless 
of whether the aneurysm experiences dimensional change. This phenomenon can result in 
perigraft leaks and graft migration. 

There are a number of currently available scanning technologies that facilitate the 
pre-surgical assessment of abdominal aortic aneurysms. These include: computed 

25 tomography; magnetic resonance angiography; computed angiography; sonography including 
Doppler, and color flow; abdominal aortography; contrast arteriography; magnetic resonance 
imaging (i.e., MRI); and echocardiography. The images gained by these scanning 
technologies are informative, but are open to multiple interpretations as they do not provide 
direct viewing of the portion of the aorta to be repaired. Furthermore, the performance of the 
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procedures for these technologies may be injurious to the patient and in other instances 
impractical. 

Objects of the Invention 

It is therefore an object of the present invention to provide a new and improved 
method of repairing an abdominal aortic aneurysm. 

It is another object of the present invention to provide an apparatus for facilitating the 
repair of an abdominal aortic aneurysm. 

It is another object of the present invention to provide a graft for the repair of an 
abdominal aortic aneurysm. 

It is an object of the present invention to provide an apparatus for the repair of the 
aneurysm that facilitates direct viewing of the area of the aneurysm to be repaired. 

It is another object of the present invention to reduce the amount of damage to the 
aorta and associated vasculature while repairing the aneurysm. 

It is another object of the present invention to facilitate direct viewing of the vessel 
wall surface to assist the medical practitioner (i.e., surgeon or interventional radiologist) in 
the repair of vessel. 

It is an object of the present invention to exclude an aneurysm from the circulatory 

system. 

It is an object of the present invention to create a device for the repair of an aneurysm 
that can, without negative consequences, navigate the vessels extending to and from the aorta. 

It is another object of the present invention to localize a graft within the abdominal 
aorta between the proximal and distal ends of the aorta. 

It is an object of the present invention to firmly fasten a graft to the adventitia of the 
vessel wall to prevent migration of the graft. 

It is another of object of the present invention to create a device to clearly visualize 
the surgical site during repair of the aneurysm. 

It is another object of the present invention to create a uniform universal graft that is 
sized for use in a range of patients. 
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It is another object of the present invention to create a graft whose performance is not 
adversely effected by post surgical dimensional changes of the aortic necks. 

It is another object of the present invention to create a device for the repair of the 
abdominal aortic aneurysm which may in addition to the classic femoral/common iliac 
introduction, also may be introduced via the axillary and/or brachial artery, which has not 
previously been contemplated. 

It is another object of the present invention to provide a seal detail within an 
introducer sheath device that will significantly reduce blood loss during the repair procedure. 

It is another object of the present invention to provide fastener assemblies that replace 

sutures. 

It is another object of the present invention to provide a device that is capable of on 
board storage of a procedure specific quantity of fasteners so that it is not necessary to 
remove the device to reload during the repair procedure. 

It is another object of the present invention to create a graft and a device for the repair 
of an aneurysm that reduces the invasiveness of current surgical procedures. 

It is another object of the present invention to create a graft that is not dimension 
dependent (i.e., diameter/length) and which is adaptable to the patient environment. 

Summary of the Invention 

The present invention is directed to a fastener for use during a surgical procedure for 
securing a surgical component to a vessel wall. The fastener includes a flexible fastening 
assembly for securing the surgical component to the vessel wall under a compressive force. 
The fastening assembly has a first portion located on one side of the surgical component and 
the vessel wall, a second portion located on another side of the surgical component and the 
vessel wall, and an intermediate portion connecting to the first portion and the second 
portion, the intermediate portion extending through the vessel wall and the surgical 
component. The first portion, second portion and the intermediate portion act to apply a 
compressive force to the surgical component and the vessel wall to secure the surgical 
component to the vessel wall. The fastening assembly further includes at least one 
supplemental fastening assembly for securing the surgical component to the vessel wall, the 
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at least one supplemental fastening assembly being located on at least one of the first portion 
and the second portion. 

The fastening assembly may include at least one spring assembly, and the 
supplemental fastening assembly may include at least one supplemental spring assembly. 
In accordance with present invention each of the first portion, the second portion and the at 
least one supplemental spring assembly may extend substantially parallel to the vessel wall. 
The fastening assembly may a plurality of entwined coil springs. 
The supplemental fastening assembly may include a first supplemental spring 
assembly connected to the first portion of the fastening assembly and a second supplemental 
spring assembly connected to the second portion of the fastening assembly. The fastener may 
further include an assembly for connecting at least a portion of the at least one supplemental 
spring assembly to the spring assembly. 

The fastener has a first orientation for inserting the fastener through the vessel wall 
and the surgical component, and a second orientation when the fastener is in a secured 
position. The spring assembly and the at least one supplemental spring assembly may be 
aligned along a longitudinal axis when the fastener is in the first orientation. The spring 
assembly and the at least one supplemental spring assembly are displaced with respect to one 
another from the longitudinal axis when the fastener is in the second orientation. 

The fastener is in tension when in the first orientation and relaxed when in the second 
orientation, the fastener further includes a control assembly for controlling the compression 
of the fastener in the first orientation. The spring assembly and the at least one supplemental 
spring assembly may be coil springs having a plurality of individual coils therein. The 
control assembly may be located between a plurality of the individual coils. 

The control assembly may include a suture fiber or material disposed between the 
plurality of the individual coils. The suture material may be formed from a dissolvable 
material, such that the suture material dissolves after the fastener is in its second orientation. 

The control assembly may include a dissolvable material formed on the fastener 
assembly and the supplemental fastener assembly. 
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The present invention is also directed to a fastener for use during a surgical procedure 
for securing a surgical component to a vessel wall. The fastener includes a flexible fastening 
assembly for securing the surgical component to the vessel wall under a compressive force. 
The fastening assembly has a first portion located on one side of the surgical component and 
the vessel wall, a second portion located on another side of the surgical component and the 
vessel wall, and an intermediate portion connecting to the first portion and the second 
portion, the intermediate portion extending through the vessel wall and the surgical 
component. The first portion, second portion and the intermediate portion act to apply a 
compressive force to the surgical component and the vessel wall to secure the surgical 
component to the vessel wall. The fastening assembly has a first orientation for inserting the 
fastening assembly through the vessel wall and the surgical component, and a second 
orientation when the fastening assembly applies the compressive force to the surgical 
component and the vessel wall. The fastening assembly may be in tension when in the first 
orientation. The fastener further includes a control assembly for controlling the compression 
of the fastening assembly in the first orientation. 

The present invention is also directed to an attachment assembly for securing a graft 
to repair a vessel having an aneurysm therein. The vessel has a proximal neck or end and a 
distal neck or end. The graft has a proximal end and a distal end. The attachment assembly 
comprises attachment means for securing the distal end of the graft to the distal end of the 
vessel. The attachment assembly also comprises graft attachment means for securing the 
distal end of the graft to the attachment means. The attachment means permits expansion of 
the vessel necks and/or ends without negatively impacting the connection between the graft 
and the vessel wall. The attachment assembly may comprise a radially extending cuff. The 
attachment means may comprise at least one graft attachment tube for receiving the distal end 
of the graft. The attachment assembly is preferably formed from a flexible material. 

The present invention is also directed to a repair graft assembly for repairing a vessel 
having an aneurysm therein. The repair graft assembly comprises a graft assembly for 
creating a passageway within the vessel and thereby reinforcing it. The graft assembly has 
a proximal end and a distal end. The repair graft assembly also comprises an attachment 
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assembly. The attachment assembly comprises attachment means for securing the distal end 
of the graft to the distal end of the vessel. The attachment assembly also comprises graft 
attachment means for securing the distal end of the graft to the attachment means. The 
attachment means permits expansion of the vessel without negatively impacting the 
5 connection between the distal end of the graft and the vessel . The attachment assembly may 
comprise a radially extending cuff. The attachment means may comprise at least one graft 
attachment tube for receiving the distal end of the graft. The repair graft assembly is 
preferably formed from a flexible material. The attachment means of the repair graft 
assembly preferably comprises at least one graft attachment tube for receiving the distal end 
1 0 of the graft assembly. 

The repair graft assembly comprises proximal attachment means for securing the 
proximal end of the graft to the proximal neck or end of the vessel. The proximal attachment 
means comprises a radially extending cuff. 

The present invention is also directed to a visualization apparatus for viewing the 
1 5 interior of a vessel prior to, during and following a surgical procedure. The visualization 
apparatus comprises a housing and image creating means for creating an image of the interior 
of the vessel from within the vessel. The image creating means is located within the housing. 
The image creating means comprises illumination means for illuminating an area within the 
vessel for viewing by a user. The image creating means also comprises diverting means for 
20 temporarily diverting blood away from the viewing area. The image creating means also 
comprises optical viewing means for viewing the area within the vessel. 

The illumination means may comprise at least one optical fiber for illuminating the 
area within the vessel. 

The visualization means comprises means for supplying a fluid to the area to direct 
25 the flow of blood away from the viewing area, and return means for draining the fluid from 
the area to permit the return of blood. 

The optical viewing means comprises an optical fiber. The optical viewing means 
may alternatively comprise scanning means for scanning an area of the vessel for creating a 
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non optical image of the area. The scanning means may produce an ultrasound image. The 
scanning means may comprise a scanning catheter. 

The present invention is also directed to a penetration apparatus for use in creating 
a plurality of treatment specific holes in the sometimes calcified vessel wall to aid in the 
attachment of a graft. The penetration apparatus comprises a housing, and penetration means 
for use in creating a plurality of treatment specific holes in the sometimes calcified vessel 
wall. The penetration means is located within the housing. The penetration means may 
comprise a laser. The laser may be an acousto optical laser or a Holmium-Yag laser. 
Alternatively, the penetration means may comprise a piezoelectric penetrating device. The 
penetration apparatus may also comprise insertion means for inserting a fastener through the 
opening in the vessel to secure a surgical component (e.g., graft and prosthesis) to the vessel. 
The penetration apparatus may also comprise secondary penetration means for forming at 
least one opening adjacent the opening in the sometimes calcified vessel wall. The secondary 
penetration means may comprise a laser or piezoelectric device. The secondary penetration 
means stabilizes the penetration apparatus as the insertion means inserts a fastener in the 
opening. The penetration apparatus may further comprise visual tracking means for 
identifying the location of the penetration apparatus within the vessel. 

The present invention is also directed to repair apparatus for repairing a vessel during 
a surgical procedure. The apparatus comprises a housing and at least one of a penetration 
apparatus for use in forming an opening in a vessel having a calcified portion and a 
visualization apparatus for viewing an interior of a vessel during a surgical procedure. The 
penetration apparatus comprises a penetration housing, and penetration means for forming 
treatment specific holes in the sometimes calcified vessel wall. The visualization apparatus 
comprises a visualization housing, and image creating means for creating an image of the 
interior of the vessel from within the vessel. 

The present invention is also directed to a fastener for use in a surgical procedure for 
securing a surgical component to a vessel. The fastener comprises fastening means for 
securing the surgical component to the vessel under a compressive force. The fastening 
means is either a wire fabrication or a coil spring fabrication. 
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The present invention is also directed to an introducer sheath device for use during 
a surgical procedure for introducing surgical components into a vessel. The introducer sheath 
device comprises a housing having a passageway that permits the passage of the surgical 
components therein. The introducer sheath device also comprises sealing means at the 
proximal end for preventing the loss of blood from the vessel during the insertion and 
subsequent removal of surgical components during the surgical procedure. The sealing 
means comprises a scaling cavity. The sealing cavity is filled with a sealing material, which 
forms a seal around the surgical components as they are inserted and removed from the 
introducer sheath device during the surgical procedure. The introducer sheath device further 
comprises positioning means for maintaining the position of the introducer sheath device 
within the vessel. The positioning means preferably comprises an inflatable cuff positioned 
at the distal end of the introducer sheath device. 

Brief Description of the Drawings 

The invention will now be described in conjunction with the following drawings in 
which like reference numerals designate like elements and wherein: 

Fig. 1 is a perspective view of a prosthetic bifurcated tube graft and bifurcated cuff 
according to a preferred embodiment of the present invention; 

Fig. 2 is a perspective view of a prosthetic bifurcated tube graft and bifurcated cuff 
according to another embodiment of the present invention; 

Fig. 3 is a perspective view of the prosthetic bifurcated tube graft and bifurcated cuff 
of Fig. 1 secured within the abdominal aorta; 

Fig. 4 is a perspective view of the prosthetic bifurcated tube graft and bifurcated cuff 
of Fig. 2 secured within the abdominal aorta; 

Fig. 5 is a perspective view of a prosthetic tube graft and cuff according to another 
embodiment of the present invention; 

Fig. 6 is a perspective view of the prosthetic tube graft and cuff of Fig. 5 secured 
within the abdominal aorta; 

Fig. 7 is a perspective view of the connection between the prosthetic tube graft and 
the cuff; 
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Fig. 8 is a side view of the prosthetic tube graft of Fig. 6 secured to a secondary cuff; 

Fig. 9 is an exploded view of the connection between the prosthetic tube graft and 
secondary cuff as shown in Fig. 8; 

Fig. 10 is a perspective view of attachment cuffs according to another embodiment 
of the present invention; 

Fig. 11 is a perspective view of the flexible attachment cuff according to 
embodiments of the present invention; 

Fig. 12 is a perspective view of the attachment cuffs of Fig. 10 having a prosthetic 
tube graft secured between the attachment cuffs; 

Fig. 13 is a perspective view of an Intravascular Endoscopy (I'VE) based repair 
system according to an embodiment of the present invention containing an embodiment of 
a visualization device according to the present invention; 

Fig. 14 is an end view of the Intravascular Endoscopy (I'VE) based repair system 
according to the embodiment of Fig. 13; 

Fig. 15 is an end view of the visualization device depicted in Fig. 13; 

Fig. 16 is another perspective view of the Intravascular Endoscopy (I'VE) based 
repair system illustrating the guide wire and articulation cables exiting the housing of the 
repair system; 

Fig. 17 is a perspective view of an Intravascular Endoscopy (I'VE) based repair 
system according to an embodiment of the present invention containing an embodiment of 
a penetration device according to the present invention and an embodiment of a fastener 
cartridge according to the present invention; 

Fig. 18 is a perspective view of an I'VE based repair system according to another 
embodiment of the present invention containing a penetration device and fastener cartridge 
according to the present invention; 

Fig. 19 is a perspective view of an I'VE based repair system according to the 
embodiment of Fig. 18 containing a penetration device and fastener cartridge according to 
another embodiment of the present invention; 
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Fig. 20 is a perspective view of an I'VE based repair system according to another 
embodiment of the present invention containing a penetration device and fastener cartridge 
according to the present invention; 

Fig. 21 is an end view of the penetration device according to an embodiment of the 
present invention; 

Fig. 22 is an end view of the penetration device according to another embodiment of 
the present invention; 

Fig. 23 is an end view of the fastener cartridge according to the embodiment of Fig. 

17; 

Fig. 24 is a perspective view of an advancing mechanism of a penetration device 
according to an embodiment of the present invention; 

Fig. 25 is a schematic view of another advancing mechanism of a penetration device 
and fastener cartridge according to another embodiment of the present invention; 

Figs. 26 and 27 are perspective views of an Intravascular UltraSound (IVUS) based 
repair apparatus according to another embodiment of the present invention containing a 
visualization device and a penetration device; 

Fig. 28 is a cross sectional view of a housing according to an embodiment of the 
present invention; 

Fig. 29 is an end view of a penetration device depicted in Fig. 26; 

Figs. 30 and 3 1 are perspective views of a wire fastener for securing the cuff detail 
of a surgical cuff to a vessel wall according to an embodiment of the present invention; 

Figs. 32 and 33 are perspective views of a wire fastener according to another 
embodiment of the present invention for securing the cuff detail of a surgical cuff to a vessel 
wall; 

Figs. 34 and 35 are perspective views of a wire fastener according to another 
embodiment of the present invention for securing the cuff detail of a surgical cuff to a vessel 
wall; 

Figs. 36, 37, 38, 39, 40 and 41 are perspective views of a fastener according to another 
embodiment of the present invention for securing the cuff to a vessel wall; 
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Fig. 42 is a schematic view of an embodiment of the penetration device according to 
the present invention having fasteners, as shown in Figs. 34, 37, 38 and 39 stored thereon; 

Fig. 43 is a schematic view of an another embodiment of the penetration device 
according to the present invention having fasteners, as shown in Figs. 36, 37, 38 and 39 
5 stored therein; 

Figs. 44 and 45 are perspective views illustrating the fastener attachment of the cuff 
detail to the vessel wall using a fastener as shown in Figs. 34 and 35 according to an 
embodiment of the present invention; 

Fig. 46 is a perspective view of another embodiment of an Intravascular Endoscopy 
1 0 (I'VE) based repair system according to an another embodiment of the present invention; 

Fig. 47 is a perspective view on an introducer sheath device according to the present 
invention; 

Fig. 48 is a cross sectional view of a seal assembly for the introducer sheath device 
according to an embodiment of the present invention. 
15 Figs. 49, 50, and 51 are perspective views of a fastener according to another 

embodiment of the present invention. 

Figs. 52 and 53 are perspective views of a fastener according to another embodiment 
of the present invention for securing the cuff to a vessel wall; 

Fig. 54 is a cross sectional view of a seal assembly for the introducer sheath device 
20 according to an embodiment of the present invention; 

Fig. 55 is a perspective view of the introducer sheath device and seal assembly for the 
present invention; 

Figs. 56, 57 and 58 are perspective views of a fastener according to another 
embodiment of the present invention; and 
25 Fig. 59 is a perspective view of a fastener according to another embodiment of the 

present invention. 

Detailed Description of Preferred Embodiments 

The following descriptions of the preferred embodiments of the present invention are 
described, for purpose of example, in connection with the repair of an abdominal aortic 
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aneurysm. The inventors of the present subject matter contemplate that the embodiments 
described herein are capable of use in the repair of other vessels and in other procedures. 
Thus, it is intended that the present invention cover the modifications and variations of the 
invention, provided they come within the scope of the appended claims and their equivalents. 
5 Repair Graft 

Reference will now be made in detail to preferred embodiments of grafts according 
to the present invention for repair of abdominal aortic aneurysms, an example of which is 
illustrated in Figs. 1-11. 

Figs. 1 and 3 depict a preferred embodiment of the repair graft assembly of the 
10 present invention directed to a proximal graft assembly 10 and distal graft assembly 20 for 
repair of a vessel 1 . The proximal graft assembly 10 and distal graft assembly 20 are secured 
to a wall 2 of the vessel 1 to exclude the aneurysm from the circulatory system of the patient. 
In the preferred embodiment of the present invention, the proximal graft assembly 10 is a 
bifurcated tube graft. 

15 The distal graft assembly 20 preferably comprises an attachment cuff 21. The 

attachment cuff 21 is sized to secure the distal graft assembly 20 to the wall 2 of the vessel 
1 at the distal end of the vessel 1. The distal graft assembly 20 also comprises at least one 
graft attachment leg, tube or branch 22. The attachment cuff 21 is secured to the wall 2 of 
the vessel 1 out to the adventitia using a suitable fastener, described in detail below. 

20 The distal graft assembly 20 is positioned within the distal end of the vessel 1, as 

shown in Fig. 1 using a guide wire, not shown, that extends between and through both 
common iliacs. The attachment cuff 21 is then secured to distal end of the vessel 1 out to the 
adventitia using a repair apparatus, described below. After the attachment cuff 21 is firmly 
secured to the wall 2, attachment tubes 22 are invaginated to the position shown in Fig. 3. 

25 A proximal graft assembly 10 is then secured to the attachment legs 22 using suitable 
connectors, such as, a self-expanding stent 30, as shown in Fig. 7. 

The bifurcated proximal graft assembly 10 comprises a pair of tubular legs 11. The 
tubular legs 11 are sized to be received within/without the graft attachment tubes 22. The 
bifurcated proximal graft assembly 10 may also comprise an attachment cuff 12 for 
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attachment to the wall 2 of the vessel 1. The attachment cuff 12 has a similar structure to the 
attachment cuff 21 of attachment device 20. The tubular legs 11 are invaginated following 
the process of securing the attachment cuff 12 to the wall 2. The attachment legs 22 may be 
positioned within the tubular legs 11, as shown in Fig. 3. Alternatively, the tubular legs 11 
5 may be positioned within the attachment legs 22, as shown in the embodiment of Fig. 6. 

It is also contemplated that the distal graft assembly 20 may be used with a standard 
tube graft 3, as shown in Fig. 2 and 4. In this variation, the tube graft 3 is secured to the wall 
2 of the vessel 1 while in an inverted position, as shown in Fig. 2 using fasteners, described 
below, and a self-expanding stent 30, if desired. The tube graft 3 is then invaginated and 
1 0 secured to the distal graft assembly 20, as described above. The benefit of the invagination 
of the graft 3 is that the fasteners securing the graft 3 to the vessel 1 are not in direct contact 
with the blood within the vessel 1. This will reduce the possible build up of thrombus at the 
point of attachment and thereafter the creation of emboli. 

The proximal graft assembly 10 and distal graft assembly 20 will enable the creation 
15 of a cross sectional area ratio between the common iliacs and the distal aorta that exists only 
at childhood. The ratio may be 1.1 to 1.0. This ratio minimizes the reflected wave that is 
instrumental in the creation of plaque deposits at the distal bifurcation. 

Figs. 5 and 6 depict another embodiment of a repair graft for repair of an abdominal 
aortic aneurysm 1 according to the present invention. The proximal graft assembly 100 is 
20 secured to a wall 2 of the abdominal aorta to exclude the aneurysm 1 from the circulatory 
system of the patient. The proximal graft assembly 100 is used in connection with the distal 
graft assembly 20, described above. In this embodiment, the distal graft assembly 20 
comprises a single attachment leg or tube 22. The proximal graft assembly 100 comprises 
a tube graft assembly 110 for forming a passageway within the vessel 1. 
25 The radially extending attachment cuff 121 provides a greater surface area for 

securing the proximal graft assembly 100 to the wall 2. Additionally, the radially extending 
portion 121 is flexible, which permits some positioning adjustment of the proximal graft 
assembly 100 in the event the size of the passageway within the abdominal aorta changes 
after the surgical procedure. Fig. 1 1 illustrates the flexibility of the attachment cuff 21 which 
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is similar to attachment cuff 121. Like the embodiment of Figs. 1 and 3, the proximal graft 
assembly 100 is secured to the vessel wall 2 in an invaginated manner, as shown in Fig. 5. 
After the attachment cuff 121 is secured to the vessel wall 2, the proximal graft assembly 100 
is invaginated to the position shown in Fig. 6. The tubular leg assembly 110 is then secured 
5 to the distal graft assembly 20, as shown in Fig. 7. In a preferred embodiment, a self- 
expanding stent 30 is used to secure it to the attachment leg 22 of the distal graft assembly 
20. The self-expanding stent 30 applies radial pressure against an inner surface of tube graft 
assembly 110 to secure the tube graft assembly 110 to the distal graft assembly 20. 

The self-expanding stent 30 is a preferred method of securing the proximal tube 

10 assemblies 10 or 100 to the distal graft assembly 20. However, it will be apparent to those 
skilled in the art that various modifications and variations can be made in the construction 
and configuration of the present invention without departing from the scope or spirit of the 
invention. For example, surgical staples, sutures, adhesives or other methods may be used 
to secure the proximal graft assembly 10 to the distal graft assembly 20. Thus, it is intended 

1 5 that the present invention cover the modifications and variations of the invention, provided 
they fall within the scope of the appended claims and their equivalents. 

As described above in connection with Figs. 2 and 4, it is also contemplated that the 
distal graft assembly 20 may be used with a standard tube graft, not shown. The tube graft 
will also be secured to the wall 2 of the vessel 1 while in a cephalad position using either 

20 fastener devices, described below, or a self-expanding stent 30. The tube graft is then 
invaginated and secured to the distal graft assembly 20, as described above. 

Figs. 8 and 9 depict a proximal attachment assembly 150 according to the present 
invention for securing the proximal graft assembly 10 or 100 to the proximal end of the 
vessel 1. It is preferred that the proximal attachment assembly 150 be used in connection 

25 with securing the proximal graft assemblies 10 or 100 to the vessel wall 2 according to 
preferred embodiments of the present invention as shown, for example, in Figs. 5, 6. 8 and 
9. The proximal attachment assembly 150 comprises a cuff attachment portion 151 and a 
vessel attachment portion 152. The attachment cuff 12 or 121 is secured to the cuff 
attachment portion 151, by sewing, for example. The vessel attachment portion 151 is then 
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secured to the vessel 1 using, for example, a fastener or a self-expanding stent 30 and 
fasteners, if necessary. Alternatively, the proximal attachment assembly 150 may be 
invaginated and secured to the vessel 1 in the manner described above in connection with 
Figs. 2 and 4. The cuff attachment portion 151 and the attachment cuff 12 or 121 interact in 
a manner such that the proximal graft assembly 10 or 100 are not impacted by the expansion 
of the neck of vessel 1 after the surgical procedure. 

Another embodiment of the repair grafts according to the present invention are 
disclosed in Figs. 1 0 and 1 2. The embodiment of Figs. 1 0 and 1 2 utilizes a pair of distal graft 
assemblies 20, which are secured at the proximal and distal ends of the vessel. A proximal 
graft assembly 1000, which forms a passageway within the vessel 1 interconnects the distal 
graft assemblies 20. As described above, the proximal graft assembly 1000 is secured to the 
attachment legs 22 of the distal graft assemblies 20 using a self-expanding stent 30 or other 
suitable fastening means. The attachment legs 22 may be inserted in the proximal graft 
assembly 1000. Alternatively, the proximal graft assembly 1000 may be inserted in the 
attachment legs 22, as shown in Fig. 12. 

The above described repair grafts facilitates repair of a vessel in a manner that is 
neither profile nor dimension dependent. This is especially helpful in view of the fact that 
the necks of the post-surgical aorta typically increases in size for approximately twelve 
months. The above-described repair grafts accommodate such expansion without allowing 
leaks or graft migration. The attachment cuffs are capable of accommodating dimensional 
changes in the necks of the abdominal aorta. Furthermore, the use of the distal graft 
assembly 20 permits distal attachment removing the need for iliac/femoral attachment. 

In accordance with the present invention, detailing and assembly of the graft within 
the abdominal aorta creates a situation in which the fasteners are positioned outside the blood 
flow and are therefore not a focal point for thrombus creation. Both distal and proximal 
bifurcated grafts in accordance with the present invention may be strategically marked with 
radiopaque materials to enable their visual tracking and correct positioning prior to fixation 
within the aorta. A frieze/band of platinum oxide is vacuum deposited, photo deposited, 
silkscreened, or otherwise adhered to the graft material at the location of the tube end 
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(proximal graft), tube end/halo transition (distal graft), and at the halo perimeter. Other noble 
metals such as gold, molybdenum and titanium may also be successfully used as marking 
material. Radiopaque wires or metal fragments have been woven or otherwise incorporated 
into grafts -- the coating methods listed above, have not. The ring details previously 
5 discussed titanium or polymeric (suitably impregnated) are also radiopaque. 

In the above described embodiments, the proximal graft assemblies 10, 100 and 1000, 
distal graft assembly, and proximal attachment assembly 150 are preferably formed from a 
twill weave, non-crimped polyester, Gore-Tex® or equivalent biocompatible material. It will 
be apparent to those skilled in the art that various modifications and variations can be made 

10 in the construction and configuration of the present invention without departing from the 
scope or spirit of the invention. For example, in the embodiments mentioned above, various 
other suitable materials such as, Dacron®, and other biocompatible graft materials may be 
used to form the repair grafts. Thus, it is intended that the present invention cover the 
modifications and variations of the invention, provided they fall within the scope of the 

1 5 appended claims and their equivalents. 

The attachment cuffs may include a ring located at the perimeter. This ring may 
comprise a metal spring wound into holes cut in the cuff of a polymeric spring which is 
molded directly to the cuff. The ring serves to keep the cuff fully expanded during the 
attachment process of the graft to the vessel wall. The ring has no negative impact on the 

20 insertion process, described below. 

Similar to other graft procedures, the proximal graft assemblies 10, 100, or 1000 
according to the present invention require attachment to the wall 2 of the vessel. Often, it is 
necessary to attach the distal end of the graft into material which is routinely calcified and 
therefore difficult to penetrate. When paired with the absence of a distal neck in the vessel, 

25 the presence of the plaque has forced others to promote the use of a bifurcated graft in which 
the graft limbs are fastened by stents within the common iliac or femoral arteries. This 
procedure may potentially damage the femoral arteries. Furthermore, the presence of a graft 
and stent within the iliac or femoral arteries potentially restricts the flow of blood within the 



19 



WO 00/35350 



PCT/US99/29348 



vessels. This is unnecessary when utilizing the repair grafts according to the present 
invention. 

Intravascular Endoscopy (I'VE) Based Repair System 

Reference will now be made in detail to preferred embodiments of an apparatus 
5 according to the present invention for facilitating the repair of abdominal aortic aneurysms 
using above described grafts. An example of an intravascular endoscopy based system is 
depicted in Figs. 13-22. 

The repair apparatus 5 comprises a housing 200 for alternately receiving a 
visualization apparatus 6 and a penetration apparatus 7, as shown in Fig. 20. It, however, is 
1 0 contemplated by the inventors of the present invention that the visualization apparatus 6 and 
penetration apparatus 7 may be combined into a single assembly within the repair apparatus 
5. The housing 200 has a hollow construction, as illustrated in Fig. 14, which permits 
insertion of the visualization apparatus 6 or the penetration apparatus 7, described in detail 
below. The housing 200 is divided into two primary portions: static housing portion 210; and 
15 flexible housing portion 220. The housing 200 has a sufficient length such that it extends 
from the repair site within the vessel 1 through the appropriate or chosen artery to a point 
outside the patient. 

The housing 200 has a hollow interior 211 to permit passage of one of the 
interchangeable apparatus 6 and 7. An inner surface of the hollow interior 211 comprises 

20 rotation prevention means 212 for properly orienting the interchangeable apparatus 6 and 7 
within the housing 200. In a preferred embodiment, the rotation prevention means 212 is a 
ridge, as shown in Fig. 14, that extends along the inner surface of the hollow interior 211. 

It, however, will be apparent to those skilled in the art that various modifications and 
variations can be made in the construction and configuration of the present invention without 

25 departing from the scope or spirit of the invention. For example, the rotation prevention 
means 211 mentioned above, may be located at different radial positions within the housing 
and may also be a ridge, a groove, a plurality of grooves, or other devices capable of 
preventing rotation of the interchangeable apparatus 6 and 7 within the housing 200. Thus, 
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it is intended that the present invention cover the modifications and variations of the 
invention, provided they fall within the scope of the appended claims and their equivalents. 

Positioned within the housing 200 is an apparatus guide means 214 for guiding the 
repair apparatus 5, as shown in Figs. 13 and 17, within the vessel 1 during use. The guide 
means 214 preferably is a passageway or lumen extending within the housing wall through 
the static portion 210. A guiding means 160 cooperates with guide means 214 to guide the 
apparatus 5 during use. The guiding means 160 is preferably a guide wire which is capable 
of extending from the femoral artery to the axillary artery. In a preferred embodiment, the 
guide wire 160 is a filament (e.g., stainless steel, titanium or a Kevlar®). It, however, will 
be apparent to those skilled in the art that various other materials having similar properties 
of physical integrity, high strength, flexibility, and minimal thermal expansion may be used 
to form the guide wire 160. The guide wire 160 projects from the flexible housing portion 
220 through an aperture 226 in the housing 200, as shown in Fig. 14. 

Housing 200 also comprises an apparatus manipulation means 215 to aid in 
manipulating and orienting the apparatus 5 within the vessel 1 during the repair operation. 
The manipulation means 215 preferably comprises at least one passageway extending within 
the housing wall through the static housing portion 210 and terminating in the flexible 
housing portion 220. A manipulating means 170 cooperates with manipulation means 215 
to guide the apparatus 5 during use. The manipulating means 170 is preferably comprises 
at least one guide wire that is capable of extending from outside the patient through the 
housing 200. The guide wires 170 extend through the manipulating means 215. In a 
preferred embodiment, the guide wires 170 are filaments (e.g., stainless steel, titanium or a 
Kevlar®). It, however, will be apparent to those skilled in the art that various other materials 
having similar properties of physical integrity, high strength and flexibility may be used to 
form the guide wires 170. 

The guide wires of the manipulating means 1 70 terminate within the flexible housing 
portion 220. Operation of the manipulating means 170 results in the articulation of an end 
portion of the flexible housing portion 220. The guide wires 170 maintain the flexible 
housing portion 220 in an articulated position, as shown in Figs 13 and 16, such that the 
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visualization apparatus 6 and the penetration apparatus 7 can be interchanged without altering 
the orientation of the repair apparatus 5 with respect to the surgical site. 

The wall of the static housing portion 210 comprises an outer surface formed from 
silicone and an inner surface formed from Teflon®. It, however, will be apparent to those 
skilled in the art that various modifications and variations can be made in the construction 
and configuration of the present invention without departing from the scope or spirit of the 
invention. For example, the housing wall may be formed from a suitable polymer (e.g., 
Pebax®) or other material having similar properties including, but not limited to 
biocompatability, flexural strength, low coefficient of friction. Thus, it is intended that the 
present invention cover the modifications and variations of the invention, provided they fall 
within the scope of the appended claims and their equivalents. 

The flexible housing portion 220 may be formed in a manner similar to static housing 
portion 210. For example, the housing may comprise an outer surface formed from silicon 
and an inner surface formed from Teflon®. It, however, will be apparent to those skilled in 
the art that various modifications and variations can be made in the construction and 
configuration of the present invention without departing from the scope or spirit of the 
invention. For example, the lining may be formed from a suitable polymer or other material 
having similar properties including, but not limited to biocompatability, flexural strength, 
low coefficient of friction. Alternatively, the flexible housing portion 220 may comprise a 
coiled metallic spring outer casing 224 that surrounds a lining. The lining may be formed 
from Teflon®. The coiled metallic spring outer casing 224 may be formed from a 
biocompatible stainless steel or titanium. Furthermore, the spring outer casing 224 may be 
formed from other suitable spring materials. It is not necessary that the outer spring casing 
224 extend along the entire length of the flexible housing portion 220. Rather, the outer 
spring casing 224 may be positioned along the portion of the flexible housing portion 220 
that is subject to bending. However, it is contemplated that an outer spring casing that 
extends along the entire length of the flexible housing portion 220 be within the scope of the 
present invention. 
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The flexible housing portion 220 and the static housing portion 210 are manufactured 
as separate components. It, however, will be apparent to those skilled in the art that various 
modifications and variations can be made in the construction and configuration of the present 
invention without departing from the scope or spirit of the invention. For example, the static 
housing portion 210 and the flexible housing portion 220 may be formed as a single 
component. In a preferred embodiment, the static housing portion 210 is permanently 
secured to the flexible housing portion 220. However, it is contemplated that the housing 
portions 210 and 220 may also be removably attached. 

Figs. 18 and 19 illustrates another repair apparatus 500 for alternatively receiving a 
visualization apparatus 6 and a penetration apparatus 7 according to another embodiment of 
the present invention. The repair apparatus 500 comprises a housing 2000 for alternatively 
receiving a visualization apparatus 6 and a penetration apparatus 7. The housing 2000 is 
flexible and has a sufficient length such that it extends from the repair site within the vessel 
1 through the appropriate artery to a point outside the patient. 

The housing 2000 is hollow, as described above in connection with housing 200, to 
permit passage of one of the interchangeable apparatus 6 or 7. The housing 2000 includes 
at least one guide means 2140 positioned at the exterior of the housing 2000 for guiding the 
repair apparatus 500 within the vessel 1 during use. The guide means 2140 preferably is a 
passageway extending along the exterior of the housing wall to a point adj acent the distal end 
2001 of the housing 2000. 

Guide wires 160 extend within the guide means 2140. The guide wires 160 extend 
from the end of guide means 2140 and are secured to the distal end 2001 of the housing 2000, 
as shown in Figs. 1 8 and 1 9. Adjustment of the guide wires 160 manipulates the position of 
the repair apparatus 500 within the vessel 1. The above described arrangement permits a 
wide range of articulation of the repair apparatus 500 within the vessel 1. 

An additional guide wire 161 is secured to the distal end 2001 of the housing 2000. 
The guide wire 161 extends through the vessel 1 and appropriate artery to permit the 
positional adjustment of the repair apparatus 500 within the vessel. 
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Fig. 20 illustrates another repair apparatus 5000 for alternatively receiving a 
visualization apparatus 6 and a penetration apparatus 7 according to another embodiment of 
the present invention. The repair apparatus 5000 comprises a flexible hollow housing 2010 
and has a sufficient length such that it extends from the repair site within the vessel 1 through 
the appropriate artery to a point outside. 

The housing 2010 includes at least one guide wire 162 extending along the exterior 
of the housing 2010, as shown in Fig. 20. The housing 2010 includes an inflatable portion 
2011, located adjacent the distal end 2001. Inflation of the inflatable portion 2011 permits 
articulation of the repair apparatus 5000 within the vessel 1 . A passageway, not shown, 
extends within the housing 2010 to permit inflation of the inflatable portion 2011 with a 
suitable fluid, such as, saline or suitable liquid polymers or air. An additional guide wire 161 
is secured to the distal end 2001 of the housing 2010. The guide wire 161 extends through 
the vessel 1 and appropriate artery to permit the positional adjustment of the repair apparatus 
within the vessel. 

The overall dimensions of the repair apparatus 5 allows axillary access. This 
previously was not possible. In this regard, the repair apparatus used in connection with the 
visualization apparatus 6 or penetration apparatus 7 is capable of being used in other surgical 
procedures not previously contemplated. The apparatus size permits insertion through an 
introducer sheath device 900, described below. The apparatus 5 may also be introduced into 
a vessel percutaneously. This procedure is less invasive and/or intrusive when compared to 
other repair surgical procedures. 

Intravascular Endoscopy (I'VE) Visualization Apparatus 

Reference will now be made in detail to preferred embodiments of the 
interchangeable apparatus 6 and 7 for use with the repair apparatus 5 according to the present 
invention for facilitating the repair of abdominal aortic aneurysms. The visualization 
apparatus 6 will now be described in connection with Figs. 13 and 15. 

A visualization apparatus 6 may be inserted within the repair apparatus 5 to illuminate 
and permit real time direct viewing of the abdominal aorta to aid and the diagnosis and repair 
of the aneurysm. The visualization apparatus 6 is an intravascular endoscope based system 
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that comprises a housing 300 for housing various illuminating and viewing components. The 
housing 300 is preferably formed as a conduit that is sized to slide within housing 200. In 
a preferred embodiment, the housing 300 is an extrusion of silicon, Teflon® or polymer or 
other material having similar properties. 
5 The housing 300 extends through the hollow interior 211 of the housing 200. The 

housing 300 may comprise orientation means 310 for orienting the visualization apparatus 
6 within the housing 200. The orientation means 310 cooperates with rotation prevention 
means 212. In a preferred embodiment, the orientation means 310 is a channel that extends 
along an outer surface of the housing 300. It, however, will be apparent to those skilled in 

10 the art that various modifications and variations can be made in the construction and 
configuration of the present invention without departing from the scope or spirit of the 
invention. For example, the orientation means 310 mentioned above may be located at 
different radial positions within the housing 300. The orientation means 310, may be a ridge, 
a groove, a plurality of grooves, or other devices that are complementary with the rotation 

1 5 prevention means 212 to prevent rotation of the visualization apparatus 6 within the housing 
200. 

As shown in Fig. 15, housing 300 comprises a plurality of passageways 311, 312, 
313, 314, and 315 formed therein. The passageways 311, 312, 313, 314, and 315 extend 
along the entire length of the housing 300. Central passageway 311 is provided for the 

20 passage of optical viewing means 320 for viewing an abdominal aorta. In a preferred 
embodiment, the optical viewing means 320 is a fiber optic system. The system incorporates 
a fiber optic bundle. It, however, will be apparent to those skilled in the art that various 
modifications and variations can be made in the construction and configuration of the present 
invention without departing from the scope or spirit of the invention. For example, the 

25 optical viewing means 320 mentioned above, may be any flexible optical system that is sized 
for use in surgical applications. The optical viewing means 320 permits real time direct 
viewing of the area of repair in the vessel 1. The optical viewing means 320 may be 
connected to a video camera and monitor, not shown, that permits the surgeon to view the 
repair area. The images may be stored and recalled as desired by using either a video printer 
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or video cassette recorder. The penetration apparatus 7 will be located at the same position 
as the visualization apparatus 6. The penetration apparatus 7 incorporates a radio opaque 
marker that will indicate the precise position of the penetration apparatus 7 on the monitor. 
This allows the surgeon to monitor and track the adjustments of the repair apparatus 5. 

Peripheral illumination passageways 312 and 313 are provided for the passage of 
illuminating means 330 for illuminating the abdominal aorta for viewing by the optical 
viewing means 320. In a preferred embodiment, the illuminating means 330 is a fiber optic 
system including a fiber optic bundle. It, however, will be apparent to those skilled in the art 
that various modifications and variations can be made in the construction and configuration 
of the present invention without departing from the scope or spirit of the invention. For 
example, the illuminating means 330 mentioned above, may be any system that is sized for 
use in surgical applications and capable of illumination within the aorta. Although a pair of 
passageways are illustrated, it is contemplated that a single illumination passageway will 
provide sufficient illumination. Additionally, more than two passageways may also be 
provided. 

Peripheral fluid inflow passageway 314 and peripheral fluid outflow passageway 315 
are provided for the passage of fluid lens media to and from the visualization tip 340. The 
peripheral fluid inflow passageway 314 supplies a stream of optically clear fluid lens media 
from the visualization tip 340 in the area in front of the optical viewing means 320. A control 
means, not shown, may be incorporated into passageway 314 to control the flow volume and 
velocity of the fluid lens media to the visualization tip 340. The control means may be a 
valve or other suitable flow control devices. The control means controls the optically clear 
fluid lens media such that blood within the aortic cavity and the fluid lens media are pressure 
balanced. As a result, blood that is typically within the aorta is temporarily diverted away 
by the fluid lens media to a point adjacent the area of the wall 2 to be viewed by the optical 
viewing means 320. The infusion of fluid lens media will dilute blood to an appropriate 
transparency in the immediate surgical site to exclude blood between the visualization tip 340 
and the surgical site on the wall 2. This permits the surgeon to clearly view the wall 2 
through the optical viewing means 320. In a preferred embodiment, the fluid lens is a 
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transparent fluid to permit viewing of the wall 2. The fluid lens media may be a saline 
solution. It is preferred that the solution be used for a single application (i.e., it is not reused). 
Other media, such as C0 2 gas and Green Cross liquid fluorocarbon are contemplated to be 
within the scope of the present invention. The peripheral fluid outflow passageway 315 acts 
as a return duct for the fluid lens media within the aorta. Alternatively, the fluid lens media 
may then be filtered using an appropriate filtering means and recirculated using a pumping 
means through the peripheral fluid inflow passageway 314. 

In a preferred embodiment, it is contemplated that the visualization apparatus 6 be 
used in combination with the introducer sheath devices 900, described below. The introducer 
sheath devices 900 and in particular the positioning assemblies 920 permit the isolation of 
a portion of the vessel during the repair procedure. Specifically, the positioning assemblies 
920 within the common iliacs and femoral artery permit the control of blood within the 
vessel. With this arrangement, it is then possible to more readily divert blood away from a 
viewing area with the flow of fluid lens media from the fluid inflow passageway 314. 

A visualization tip 340 is securely mounted to the end of housing 300 in a fluid tight 
manner. The tip 340 may be snap fitted or permanently mounted to the housing 300. It, 
however, will be apparent to those skilled in the art that various modifications and variations 
can be made in the construction and configuration of the present invention without departing 
from the scope or spirit of the invention. For example, the visualization tip 340 mentioned 
above, may be secured to the housing 300 by means other than the above described snap and 
permanent fittings. The visualization tip 340 may be formed by injection molding or other 
suitable manufacturing methods in silicone or similar polymer. 

The visualization tip 340 comprises apertures 341, 342, 343, 344, and 345 that 
correspond to passageways 311, 312, 313, 314, and 315, respectively. Aperture 341 contains 
a lens positioned therein to facilitate viewing of the wall 2 with the optical viewing means 
320. Apertures 342 and 343 may include windows therein whereby light from the 
illuminating means 330 passes through the windows to illuminate the wall 2, although it is 
not necessary. Apertures 344 and 345 act as gates for the peripheral fluid inflow passageway 
314 and peripheral fluid outflow passageway 315. The aperture 344 may be inwardly 
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tapered, such that the inside diameter of the aperture adjacent the inflow passageway 314 is 
greater than the diameter on the outer surface of the tip 340 to concentrate the stream of fluid 
lens media from the fluid inflow passageway 314. The aperture 345 may be outwardly 
tapered, such that the inside diameter of the aperture adjacent the inflow passageway 315 is 
5 less than the diameter on the outer surface of the tip 340. It is contemplated that the tip 340 
is optional. 

Penetration Apparatus 

A penetration apparatus 7 will now be described in connection with Figs. 1 7-25. The 
penetration apparatus 7 may be inserted within the repair apparatus 5, 500, 5000, as shown 

10 in Figs. 17-20, for fastening a repair graft to the vessel wall 2. The penetration apparatus 7 
comprises several components for fastening a repair graft including penetration means 420, 
secondary penetration means 430, tracking means 440 and insertion means 450. The 
penetration apparatus 7 comprises housing 410 for housing the penetration means 420, 
secondary penetration means 430, tracking means 440 and insertion means 450. In a 

1 5 preferred embodiment, the housing 4 10 has a thin walled tri-limbed profile, as shown in Figs. 
19, 21, and 22. In a preferred embodiment for increased flexibility, the housing 410 is 
positioned within the repair apparatus 5 such that two of the three limbs of the housing 410 
are spaced from the side of housing 200 containing the guide wire 160. It, however, will be 
apparent to those skilled in the art that various modifications and variations can be made in 

20 the construction and configuration of the present invention without departing from the scope 
or spirit of the invention. For example, the housing 410 mentioned above, may have more 
than three limbs. Alternatively, the housing 410 may be cylindrical having a plurality of 
inwardly projecting limbs. An alternative configuration for housing 4100 is depicted in Figs. 
18 and 20. The housing 4100 comprises a central passageway 4110 containing penetration 

25 means 420. Additional passageways 4210 and 4130 are provided for other components such 
as secondary penetration means, tracking means and insertion means. 

The housing 410 is preferably formed from an extrusion of silicone, Teflon®, or 
polymer having similar properties. Housing 410 comprises a plurality of passageways 411, 
412, 413, and 414, formed therein as shown in Fig. 21 . An alternative arrangement is shown 

30 in Fig. 22. The passageways 411, 412, 413, and 414 extend along the entire length of the 
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housing means 410. Primary passageway 411 is provided for the passage of the penetration 
means 420. The penetration means 420 is provided to create a treatment specific hole in the 
wall 2 of the abdominal aorta for securing the graft thereto with a suitable fastener device, 
described below. The penetration means 420 penetrates the potentially calcified vessel wall 
5 2 to securely fasten the repair graft to the wall 2. The penetration means 420 may be either 
a laser penetrating device or a piezoelectric penetrating device. It, however, is contemplated 
by the inventors of the present invention that other penetration means including but not 
limited to C0 2 penetration, micro electromechanical systems, and intraluminal suturing are 
considered to be within the scope of the present invention. The laser penetrating device 420 

10 preferably is an IR fiber optic based system using laser energy to create treatment specific 
holes in the aorta wall 2. The fused silica/quartz fibers that are utilized are in the 200-600 
micron size range. Suitable lasers comprise but are not limited to an acousto optical laser 
having a wavelength of about 1.35 /xm, and a Holmium-Yag laser having a wavelength of 
about 2. 1 /urn. The selected wavelength allows transition of laser energy through the fiber 

1 5 in the passageway 411. The laser fiber will be in direct contact with the surgical site such 
that the fiber projects from the end of the housing 410. It is contemplated that a single, or 
tri-pronged hole pattern will be created using penetration means 420 and secondary 
penetration means 430. 

The piezoelectric penetrating device preferably is a catheter based system, which 

20 utilizes acoustic vibrations to create treatment specific suture holes to aid in graft/tissue 
attachment. The piezoelectric penetrating device applies an "acoustic wave" effect to create 
holes in the graft and vessel wall. In this variation, the passageway 411 preferably contains 
a super elastic titanium catheter, in rod or tube form, which enables transmittance of energy 
through the sometimes tortuous vessels to the surgical site. The catheter will be in direct 

25 contact with the surgical site such that the catheter projects from the end of the housing 410 
into the formed treatment specific hole. The secondary penetration means 430 creates one 
or more temporary hole(s). The piezo-electronic device preferably operates at a frequency 
of 20 KHz. Other frequencies, both higher and lower, are contemplated to be within the 
scope of the present invention. The primary penetration means 420 is coaxial with the 
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fastener devices such that the fastener devices may be inserted through the treatment specific 
hole created by the primary penetration means 420. 

Secondary passageway 412 is provided for the passage of the secondary penetration 
means 430. The secondary penetration means 430 is also provided to create one or more 
temporary holes in the vessel wall 2, in a manner similar to the primary penetration means 
420. Similarly, the secondary penetration means 430 may be either a laser penetrating device 
or a piezoelectric penetrating device, as described above in connection with the penetration 
means 420. The secondary penetration means 430 serves to anchor and orient the penetration 
apparatus 7 while a fastener is inserted within the treatment specific hole formed by the 
primary penetration means 420. After the secondary penetration means 430 is removed, the 
temporary holes will seal with blood that will coagulate. 

Passageway 413 is provided within the housing 410 for passage of the insertion 
means 450, described below. Passageway 414 is provided within the housing means 410 for 
passage of the tracking means 440. In a preferred embodiment, the tracking means 440 is a 
radiopaque marker, which is utilized for the purpose of identifying the location of the 
penetration apparatus 7 within the image on the monitor. It, however, will be apparent to 
those skilled in the art that various modifications and variations can be made in the 
construction and configuration of the present invention without departing from the scope or 
spirit of the invention. For example, the tracking means 440 mentioned above, may be a 
tip-tracking device or a fiber optic aiming beam. 

Insertion means 450 for securing the repair graft to the wall 2 during repair of the 
aneurysm will be described in connection with Fig. 24. The insertion means 450 preferably 
comprises a mechanism that drives an individual fastener from a fastener cartridge 460, 
shown in Figs. 17 and 23, into and through the treatment specific holes created by the 
penetration means 420 in the repair graft and wall 2. The fastener cartridge 460 is capable 
of holding a plurality of fasteners such that more than one fastener may be sequentially 
displaced from the cartridge 460 to secure the repair graft to the abdominal aorta wall 2. 
Fastener cartridge 460 is preferably detachably connected to housing 410. The fastener 
cartridge 460 is a hollow housing, as shown in Fig. 23, preferably formed of injection 
molding HDPE or Liquid Crystal, manufactured by the RTP Co. of MN. The penetration 
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means 420 and 430, the tracking means 440 and the insertion means 450 are appropriately 
accommodated within the interior of the cartridge structure 460. The cartridge 460 is 
positioned about the housing 410. 

The insertion means 450 illustrated in Fig. 24 comprises a driving means 451 for 
driving the fastener devices to secure the repair graft to the vessel wall 2. A gear 452 and 
fastener advancing means 453 are positioned within an opening 454 in housing 410. In a 
preferred embodiment, the gear 452 is a worm gear. However, other suitable gear assemblies 
are contemplated to be within the scope of the present invention. The gear 452 is connected 
to the driving means 451. The fastener advancing means 453 interacts with the gear 452 to 
advance a fastener device to secure the repair graft to the vessel wall 2. In a preferred 
embodiment, the fastener advancing means 453 is an internally geared drive plate assembly. 
The drive plate assembly may be capable of limited angular adjustment. Operation of the 
insertion means 450 is controlled by a control device, not shown, such that upon actuation 
by the control device, the fastener advancing means 453 is advanced to eject a fastener device 
from fastener cartridge 460. Alternatively, the insertion means 450 may be hand operated. 
The insertion means 450 is used, for example, in the embodiment illustrated in Fig. 19. 

Another embodiment of the insertion means 4500 is illustrated in Fig. 25. An 
insertion cartridge 4510 is secured to the distal end of the repair apparatus 5. The insertion 
cartridge 4510 may be snap fitted to the housing 200. The insertion cartridge 4510 comprises 
a cavity 4511. A spring means 4520 is positioned within the cavity 4511. A fastener 
cartridge 460 is also located within the cavity 4511. An opening 4530 is located at one end 
of the insertion housing 4510. The housing 410 of the penetration apparatus 7 normally 
prevents the spring means 4520 from ejecting a fastener device through the opening 4530. 
The insertion means 4500 comprises retraction means 4540 which retracts the housing 410 
away from the opening 4530 which permits the fastener to be ejected into the treatment 
specific hole created by the primary penetration means 420. The retraction means 4540 may 
be a cable that acts to retract the housing 410 away from opening 4530. The release of the 
retraction means 4540 causes the housing 410 to return to the position adjacent the opening 
4530 to prevent the discharge of a subsequent fastener device. 
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Intravascular UltraSound (IVUS) Repair System 

Reference will now be made in detail to preferred embodiments of an apparatus 
according to the present invention for facilitating the repair of abdominal aortic aneurysms 
using above described repair grafts. An example of an intravascular ultrasound based system 
is depicted in Figs. 26-29. 

The repair apparatus 50 comprises housing 800. The housing 800 comprises a major 
guide wire portion 810, a cross-section of which is shown in Fig. 28, a spacer portion 820, 
and a minor guide wire portion 830. 

Positioned within the housing 800 is an apparatus guide means 214 for guiding the 
repair apparatus 50 within the vessel 1 during use. The guide means 214 preferably is a 
passageway or lumen extending the length of the housing 800 through major guide wire 
portion 810, the spacer portion 820, and the minor guide wire portion 830. A guiding means 
160 cooperates with guide means 214 to guide the apparatus 50 during use. The guiding 
means 160 is preferably a guide wire which is capable of extending from the femoral artery 
to the axillary artery. In a preferred embodiment, the guide wire 160 is a filament (e.g., 
stainless steel, titanium or Kevlar® cable). It, however, will be apparent to those skilled in 
the art that various other materials having similar properties of physical integrity, high 
strength, flexibility, and minimal thermal expansion may be used to form the guide wire 160. 

Housing 800 also comprises an apparatus manipulation means 215 to aid in 
manipulating and orienting the penetration apparatus 700 within the vessel 1 during the repair 
operation. The manipulation means 215 preferably comprises at least one passageway 
extending within the housing 810. The manipulation means 215 mates with complimentary 
passageways formed in housing 710. A manipulating means 170 cooperates with 
manipulation means 215 to guide the apparatus 50 during use. The manipulating means 170 
is preferably comprises at least one guide wire that is capable of extending from outside the 
patient through the housings 810 and 710. The guide wire 170 extends through the 
manipulating means 215. In a preferred embodiment, the guide wire 170 is a super elastic 
metal filament. It, however, will be apparent to those skilled in the art that various other 
materials having similar properties of physical integrity, high strength and flexibility may be 
used to form the guide wire 170. 
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Operation of the manipulating means 170 results in the articulation of an end portion 
of the housing 710. The guide wire 170 maintains the housing 710 in an articulated position, 
as shown in Fig. 26, during the repair operation. 

The penetration apparatus 700 will now be described in connection with Figs. 26-29. 
The penetration apparatus 700 comprises several components for fastening a repair graft 
including penetration means 420, secondary penetration means 430, tracking means 440, and 
insertion means 450. The penetration apparatus 700 comprises housing 710 for housing the 
penetration means 420, secondary penetration means 430, and insertion means 450. In a 
preferred embodiment, the housing 410 has a thin walled tri-limbed profile, as shown in Figs. 
26, 27 and 29. It, however, will be apparent to those skilled in the art that various 
modifications and variations can be made in the construction and configuration of the present 
invention without departing from the scope or spirit of the invention. 

The housing 710 is preferably formed from an extrusion of silicone, Teflon®, or 
polymer having similar properties. Housing 710 comprises a plurality of passageways 711, 
712, 713, 714, and 715 formed therein as shown in Fig. 29. The passageways 711, 712, 713, 
714 and 715 extend along the entire length of the housing 710. Primary passageway 711 is 
provided for the passage of the penetration means 420. The penetration means 420 is 
provided to create an treatment specific hole in the wall 2 of the abdominal aorta for securing 
the graft thereto with a suitable fastener device. The penetration means 420 penetrates the 
calcified portions of the wall 2 to securely fasten the repair graft to the wall 2 in the same 
manner as described above in connection with the endoscopic based system. The penetration 
means 420 may be either a laser penetrating device or a piezoelectric penetrating device. 

Secondary passageway 712 is provided for the passage of the secondary penetration 
means 430. The secondary penetration means 430 is also provided to create one or more 
openings in the vessel wall 2, in a manner similar to the primary penetration means 420, as 
described above. 

Passageway 713 is provided within the housing 710 for passage of the insertion 
means 450. Passageway 714 is provided within the housing 710 for passage of the guide 
wire 170. Passageway 715 is provided for tracking means 440. The insertion means 450 
preferably comprises a mechanism that drives an individual fastener from a fastener cartridge 
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470, shown in Figs. 26 and 27, into and through the treatment specific holes created by the 
penetration means 420 in the repair graft and wall 2. The fastener cartridge 470 is capable 
of holding a procedure specific quantity of fasteners such that more than one fastener device 
may be sequentially displaced from the cartridge 470 to secure the repair graft to the wall 2. 
Fastener cartridge 470 is preferably detachably assembled to housing 710. The fastener 
cartridge 470 has a hollow housing 471, as shown in Fig. 26. The penetration means 420 and 
430, and the placement/fastener means 450 are appropriately accommodated within the 
interior of the cartridge structure 460. The cartridge structure 470 and associated fastener 
device are complimentary with the spacer portion 820 of the housing 800 such that the 
penetration apparatus 700 has a flush profile, as shown in Fig. 27. 

A visualization apparatus 600 for viewing the abdominal aorta to repair the aneurysm 
is positioned within housing 800 adjacent the minor guide wire portion 830. The 
visualization apparatus 600 is an intravascular ultrasound (IVUS) based system produced, 
for example, by Endosonics of Rancho Cordova, CA, that comprises a housing 601 for 
housing radial scanning components. The housing 601 may comprise a scanning window 
602, however, it is not essential for the effective operation of the visualization apparatus 600. 
The visualization apparatus comprises scanning catheter positioned within the housing 601 
such that it scans the area of the abdominal aorta. The housing 601 is an extrusion of silicon, 
Teflon® or polymer or other material having similar properties. The scanning catheter 
extends through the minor guide wire portion 830 of housing 800. The scanning catheter 
creates an image of the repair that can be viewed on an external monitor, not shown. 

The housing 800 also comprise transition portions 801 and 802 located on opposite 
ends of the penetration apparatus 700 to provide the repair apparatus 50 with a smooth 
profile, as shown in Fig. 27. This improves the movement of the repair apparatus 50 within 
the vessel 1 and adjacent arteries. 

Fasteners 

Reference will now be made in detail to embodiments of a fastener device, as 
depicted in Figs. 30-41 , 49-53 and 56-59 according to the present invention for securing the 
attachment device 20 to the distal end of the vessel 1. Although the fastener devices are 
described in connection with the repair of an aneurysm in a vessel, the use of the fastener 
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devices in other surgical procedures as a replacement for sutures is contemplated to be within 
the scope of the present invention. 

Figs. 30 and 31 depict a fastener 510 according to an embodiment of the present 
invention. The fastener 510 comprises a pair of normally splayed fastening legs 512 and 513. 
5 The fastener 510 also comprises an anchoring portion 514, as shown in Fig. 3 1 . The fastener 
510 is preferably formed from a wire-like material. The anchoring portion 514 may be 
formed from a coil of the wire-like material. The legs 512 and 513 are temporarily 
reoriented, as shown in Fig. 30, for storage on a fastener cartridge 460 and for enabling the 
attachment of the attachment device 20 to the wall 2. As the legs 512 and 513 are inserted 

10 through the attachment device 20 and the wall 2, the legs 512 and 513 return to a normal, as 
manufactured, splayed position, as shown in Fig. 3 1 . When the fastener 510 is in a fastened 
position within the vessel, the anchoring portion 514 is positioned on one side of the 
attachment device 20 and wall 2 (intima/graft) adjacent the attachment device 20. The 
splayed legs 512 and 513 are positioned on the opposite side of the attachment device 20 and 

15 wall 2 (adventia) adjacent the wall 2. The anchoring portion 514 and splayed legs 512 and 
513 apply compressive forces to the wall 2 and the attachment device 20 to securely fastening 
the attachment device 20 to the vessel 1. 

The fastener 510 is preferably formed from a stainless steel, such that the legs 512 and 
513 return to the splayed position to secure the attachment device 20 to the wall 2. It, 

20 however, will be apparent to those skilled in the art that various modifications and variations 
can be made in the construction and configuration of the present invention without departing 
from the scope or spirit of the invention. For example, the fastener 510 may be formed from 
other suitable materials including but not limited to superelastic titanium, or other 
procedure/performance appropriate materials such as plastics having similar properties 

25 including, but not limited to biocompatability, elasticity, and flexural strength. Thus, it is 
intended that the present invention cover the modifications and variations of the invention, 
provided they fall within the scope of the appended claims and their equivalents. 

Figs. 32 and 33 depict a fastener 520 according to an another embodiment of the 
present invention. The fastener 520 comprises a pair of normally splayed fastening legs 522 

30 and 523. The fastener 520 also comprises an anchoring portion 524. The fastener 520 is also 
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preferably formed from a wire-like material. The anchoring portion 524 may be formed from 
at least one coil of the wire-like material (i.e., a wound portion). The legs 522 and 523 are 
temporarily compressed, as shown in Fig. 32, for storage in a fastener cartridge 460 and for 
facilitating the attachment of the attachment device 20 to the wall 2. Similar to the 
5 embodiment described above in connection with Figs. 30 and 3 1 , as the legs 522 and 523 are 
inserted through the attachment device 20 and the wall 2, the legs 522 and 523 return to a 
normally splayed position, as shown in Fig. 32. When the fastener 520 is in a fastened 
position within the vessel, the anchoring portion 524 is positioned on one side of the 
attachment device 20 and wall 2 adjacent the attachment device 20. The splayed legs 522 
10 and 523 are positioned on another side of the attachment device 20 and wall 2 adjacent the 
wall 2. The anchoring portion 524 and splayed legs 522 and 523 apply compressive forces 
to the wall 2 and the attachment device 20 to securely fastening the attachment device 20 to 
the vessel 1. 

Figs. 34 and 35 depict a fastener 530 according to another embodiment of the present 

15 invention. Fastener 530 is a spring type fastener, which may comprise a coil spring. The 
fastener 530 is also formed from a wire-like material. The fastener 530 comprises a plurality 
of coils, as shown in Fig. 34. The end portions 531 and 532 of the wire-like material are 
preferably located on the same end of the fastener 530, as shown in Figs. 29, 30, and 34-36. 
Unlike fastener 510 and 520, the fastener 530 is temporarily elongated for storage in the 

20 fastener cartridge 535, as shown in Figs. 42, 43, and 46. As the fastener 530 is inserted 
through the attachment device 20 and wall 2 using the insertion means 450 on the penetration 
device 7, as shown in Fig. 44, the fastener 530 remains in an elongated position until the 
insertion means 450 is removed from the treatment specific hole 3 created in the wall 2 of the 
vessel 1 and the attachment device 20 formed by the penetration apparatus 7. The fastener 

25 530 then assumes a collapsed position, as shown in Fig. 35. When the fastener 530 is in a 
fastened position within the vessel 1 , the end portions 53 1 and 532 are positioned on one side 
of the attachment device 20 and wall 2 adjacent the attachment device 20, as shown in Fig. 
45 . The remaining portion of the fastener 530 is positioned on another side of the attachment 
device 20 and wall 2 adjacent the wall 2. The fastener 530 apply compressive forces to the 

30 wall 2 and the attachment device 20 to securely fastening the attachment device 20 to the 
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vessel 1. Fastener 530 may be formed from stainless steel; a superelastic alloy, for example 
titanium; or any other procedure/performance-appropriate materials. 

Figs. 36, 37, 38, and 39 depict a fastener 540 according to another embodiment of the 
present invention. Fastener 540 is a coil spring type fastener. Fastener 540 comprises a mid- 
section 541, and semi-knotted end portions 542 and 543. The fastener 540 is also formed 
from a coil spring using materials, as described above. Preferably the fastener 540 is formed 
from stainless steel or a superelastic alloy, for example titanium. The fastener 540 is 
substantially linear, as shown in Fig. 36, when stored in a fastener cartridge, not shown. As 
the fastener 540 is inserted through the attachment device 20 and wall 2, the fastener 540 
returns to its normally coiled configuration, as shown in Fig. 37. The fastener 540 applies 
compressive forces to the wall 2 and the attachment device 20 to securely fastening the 
attachment device 20 to the vessel 1 such that one semi-knotted overlapping end portion 542 
is positioned adjacent the attachment device 20 and the other semi-knotted end portion 543 
is positioned adjacent the wall 2 of the vessel 1, as shown in Figs. 38 and 39. Fig. 28 depicts 
an axially wound fastener 540. Fig. 40 depicts the fastener 540 of Fig. 38 secured to the wall 
2. Fig. 39 depicts a radially wound fastener 540. Fig. 41 depicts the fastener 540 of Fig. 39 
secured to the wall 2. The fastener 540 is termed a coiled coil spring type fastener. The coil 
spring which makes up the fastener is itself coiled during manufacture to assume the coiled 
configuration shown in Figs. 38-40. Fastener 540 is inserted through the attachment device 
20 and the wall 2 using an insertion means in manner described above for fastener 530. 

Figs. 49, 50, and 51 depict a fastener 550 according to another embodiment of the 
present invention. Fastener 550 is a coil spring type fastener formed from stainless steel, or 
a superelastic alloy, for example titanium, or any other procedure/performance appropriate 
materials. Fastener 550 is substantially linear, as shown in Fig. 36, when temporarily stored 
in a fastener cartridge, not shown. 

The fastener 550 is a coiled coil spring type fastener which is coiled into its fastening 
shape during manufacture. Fastener 550 may comprise a plurality of coiled coil springs 
connected together. The embodiment shown in Fig. 49 comprises two entwined springs. The 
coil diameter and wire gauge for the depicted design are approximately .04 inches and .005 
inches respectively. It, however, is contemplated that the present invention is not limited to 
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these dimensions. Outside coil diameters greater than 0.04 inches and less than 0.04 inches 
(such as, for example, 0.03 inches) are considered to be well within the scope of the present 
invention. The fastening force of the fastener 550 can be adjusted to suit a particular purpose 
by varying the coil diameter, wire gauge, number of coils, and number of coil springs. The 
fastener 550 is termed a coiled coil spring due to the fact that the coil spring is further coiled 
into a shape suitable for fastening during manufacture. The coiled coil springs that comprise 
the fastener 550 are spot welded together at at least one point along their lengths. Any 
suitable connection means that serves to keep the springs of the coiled coil in a fixed 
relationship with one another is within the scope of the present invention, and may be used 
in lieu of spot welding. 

Fastener 550 comprises a midsection 551, and underlapping end portions 552 and 
553. Prior to insertion the fastener 550 is temporarily straightened and placed about an 
insertion means. The fastener 550 is inserted through the attachment device 20 and the wall 
2 using a process similar to that described above for fastener 530. Following insertion the 
core is removed and the fastener 550 returns to its normally coiled configuration, as shown 
in Figs. 49-5 1 . The manufactured configuration of the fastener 550 provides the innovative 
method for securing the attachment device. The end portions 552 and 553 underlap at point 
554 providing a locking mechanism for the fastener 550. The underlapping design of the 
fastener 550 prevents the attachment device 20 and the wall 2 from being pulled apart. 

Figs. 52 and 53 depict a fastener 560 according to another embodiment of the present 
invention. Fastener 560 is a coiled coil spring type fastener formed from stainless steel, or 
a superelastic alloy, for example titanium, or any other procedure/performance appropriate 
materials. Similar to fastener 550, fastener 560 also utilizes coiled coil springs. Fastener 560 
comprises a plurality of springs entwined together. The fastener 560 may be a single coiled 
coil spring or a plurality of coiled coil springs entwined together such as in fastener 550 
described above. The preferred embodiment, as shown in Figs. 52 and 53, comprises two 
coiled coil springs 562 and 563. However, it is within the scope of the present invention that 
the fastener 560 may comprise more or less than two springs. The coil diameter and the wire 
gauge for the depicted design is approximately .04 inches and .005 inches respectively. The 
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fastening force of the fastener 560 can be adjusted to suit a particular purpose by varying the 
coil diameter, wire gauge, number of coils, and the number of springs. 

Fastener 560 comprises a midsection 561, and end portions 562, 563, 564 and 565. 
Prior to insertion the fastener 560 is temporarily straightened and placed about an insertion 
means. The fastener 560 is inserted through the attachment device 20 and the wall 2. 
Following insertion, the insertion means is removed and fastener 560 unravels allowing the 
coiled coil springs 562 and 563 to return to their manufactured configuration, as shown in 
Figs. 52 and 53. The springs 562 and 563 may be spot welded together at at least one point 
along the midlength 561. The ends 564, 565, 566 and 567 of the springs are not welded 
together allowing them to separate when the insertion means is removed. Any suitable 
connection means that serves to keep the springs of the fastener 560 in a fixed relationship 
with one another is within the scope of the present invention, and may be used in lieu of spot 
welding. 

Both fasteners 550 and 560, described above, use coiled coil springs with 
elastic/mechanical memories. Following insertion through the attachment device 20 and the 
wall 2, the coiled coil springs remember their manufactured form, and return to that form 
securing the attachment device 20 to the wall 2. 

The holding potential of the coiled-coil fastener 570 may be further enhanced 
according to the embodiment of Figs. 56-58. The fastener 570 includes a central coiled 
fastener 571. The fastener 570 further includes at least one short coiled insert 572. The 
coiled insert 572 is located adjacent the end portion of fastener 571, as shown in Figs. 56 and 
57. The short coiled insert 572 may be entwined with the fastener 571 at its ends to create 
unique head features. When the core over which the fastener 570 is temporarily positioned 
is removed the fastener 570 returns to its as-manufactured configuration. In this position, the 
at least one coiled insert 572 separates from the fastener 571 host creating a dimensional 
disturbance and additional resistance to fastener withdrawal. The at least one short coiled 
insert 572 is spot welded as shown at 573 to prevent complete separation from the fastener 
571. 

It is contemplated that the above-described coil spring fasteners may be formed either 
axially or radially wound coil springs. Furthermore, it is contemplated that coil spring may 
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have a circular, rectangular, triangular or other cross sectional configuration. It is also 
contemplated that the above-described fasteners may be surface treated to increase friction 
between the fastener and the surrounding tissue. Furthermore, it is contemplated that a 
polymeric material may be used rather than metal. In addition to varying coil diameter, wire 
gauge, number of coils and number of interwound springs to modify the holding force of the 
coiled-coil fastener, changing the spring's pitch between coils will also enhance the fastener's 
performance. 

The fasteners according to the present invention are advanced to the surgical site 
either over or within the penetration assembly 7, as discussed above by activation of an 
advancing mechanism positioned remotely with respect to the patient. To minimize the 
complexity of the mechanism it is necessary to tightly control the over-mandrel length of the 
fastener. Compression of the fastener is inherent to its design as it transitions from its "as- 
manufactured" form to its "insertion-ready" form and will create significant functional 
problems unless anticipated in the fastener/fastener advance mechanism design. The 
inventors of the fasteners of the present invention have been able to remove fastener 
compression from the fastener advancement equation. According to one embodiment, the 
fastener can be dimensioned in such a way that the "slack" which is created within the 
fastener as it transitions from its "as-manufactured" to its "insertion-ready form," is taken up 
as it is wound over the insertion assembly 450. The inside diameter of the coil spring is the 
same as or slightly smaller than the insertion assembly 450 over which or within which it is 
temporarily positioned. This "dimensioning" facilitates both the pre-compression of the 
fastener on or within the penetration assembly 7 and its uniform advancement to the surgical 
site. 

According to another embodiment, the fastener may be insert molded within a gelatin 
or similar dissolvable medium while in its "insertion-ready" form. The resultant "tube-like" 
component is non-compressible and facilitates both the fastener's easy loading over or within 
the penetration means and thereafter its uniform advancement to the surgical site where 
ultimately it spans the graft/adventitia matrix. The blood present dissolves the gelatin coating 
about and within the interstices of the fastener enabling resumption of its "as-manufactured" 
form and the compressive attachment of graft to vessel wall. 
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According to another embodiment, the fasteners may incorporate a dissolvable suture 
material. As shown in Fig. 59, the fastener 580 incorporates a dissolvable suture 581 wound 
between the individual coils 582 of the fastener 580. The provision of the dissolvable suture 
581 prevents longitudinal compression the fastener 580 on the insertion assembly, described 
5 above. Furthermore, the use of the suture permits uniform advancement of the fastener 580 
along the insertion assembly and penetration assembly during the surgical procedure. It is 
contemplated that the use of the dissolvable suture 581 is not limited to fastener 580. Rather, 
the use of the dissolvable suture 581 with any fastener having at least a coiled spring portion, 
including but not limited to the above-described embodiments, is considered to be well 

10 within the scope of the present invention. 

It, however, will be apparent to those skilled in the art that various modifications and 
variations can be made in the construction and configuration of the present invention without 
departing from the scope or spirit of the invention. For example, the fastening means 
mentioned above, may be pop-rivet fasteners, screw-type fasteners, and rapid hardening 

1 5 plastic extrudates, which are all contemplated to be within the scope of the present invention. 
Thus, it is intended that the present invention cover the modifications and variations of the 
invention, provided they fall within the scope of the appended claims and their equivalents. 
Introducer Sheath Devices 
Reference will now be made to a preferred embodiment of an introducer sheath device 

20 according to the present invention for use in the repair of abdominal aneurysms, an example 
of which is illustrated in Figs. 47 and 48. The introducer sheath device creates a protective 
passageway through the vessel through which the graft and repair devices are inserted. The 
introducer sheath device protects the arteries from damage that may occur when the repair 
apparatus and other devices are passed through the tortuous artery passageways during a 

25 surgical procedure. 

Existing methods for repairing aneurysms utilize introducer sheath devices only in 
the femoral and common iliac arteries. Typically, guide wires extend from a femoral 
arteriotomy to an occlusion balloon placed within the proximal neck of the aorta at a point 
cephalad with respect to the abdominal aorta. Typically, others have gained access to the 

30 abdominal aorta via a femoral or common iliac arteriotomy into which is inserted an 
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introducer sheath device of between 1 8-28 Fr. diameter. The size of these devices may cause 
damage to the vessels through which they pass. 

By contrast, the inventors of the present invention contemplate the use of more than 
one unique introducer sheath device 900, as shown in Fig. 47. The sheaths 900 are 
introduced over a femoral/axillary guide wire. One introducer sheath device 900 extends 
from either an axillary incision or a brachial incision to the proximal neck of the vessel 1. 
Another introducer sheath device 900 extends from a femoral incision to the distal neck of 
the vessel or common iliac/distal aorta transition. The introducer sheath devices according 
to the present invention that extend through the axillary vessel and through the femoral artery 
have similar constructions. However, the introducer sheath device that extends through the 
axillary artery has a smaller size in the range between 9-12 Fr. and is able to navigate the 
arteriotomy/proximal aorta passageway without problem. The smaller size permits access 
to the aorta via either the left brachial or axillary artery, both of which are significantly 
smaller than the femoral or common iliac arteries. This procedure, previously, beyond 
consideration, may now significantly benefit these vascular procedures. 

Each introducer sheath device 900 comprises a housing 910 having a hollow interior 
911 that permits the passage of the tube graft and other repair apparatus through the 
introducer sheath device to the vessel 1. The housing 910 preferably includes multiple lumen 
or passageways formed therein. The repair apparatus are introduced through a multiport 
introducer assembly an opening 912 in the end portion of the housing 910. In a preferred 
embodiment, the housing 910 is a thin walled co-extrusion having an outer surface formed, 
for example, from silicon and an inner surface formed, for example, from Teflon®. 
Alternatively, the housing 910 may be formed of a suitable polymer having similar 
properties. 

The introducer sheath device 900, also, comprises positioning assembly 920 for 
maintaining the sheath 900 in proper orientation within the vessel. In a preferred 
embodiment, the positioning assembly 920 comprises an inflatable cuff 921 located at one 
end of housing 910. The positioning assembly 920 further comprises an inflation device for 
inflating the cuff 921. The inflation device in a preferred embodiment comprises a plurality 
of passageways 923 formed within the wall of housing 910. A suitable fluid, such as saline, 
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is supplied from an external source through the passageways 923 to fill the cuff 921. The 
passageways 923 terminate at inflatable cuff 921, as shown in Fig. 47. The positioning 
assembly 920 includes a silicon balloon which is connected to the housing opposite the 
introducer assembly. The silicon balloon is preferred for several reasons. First, unlike other 
polymeric balloons, the silicon balloon is capable of material expansion of up to 800% and 
will upon deflation return to its original shape. Other materials require "pre-forming" before 
integration within a device; such a device is more bulky and less able to totally deflate once 
it has served its clinical purpose. Utilization of silicon facilitates a low profile balloon which 
can be made co-planar with the multi-lumen housing to which it is attached. Additionally, 
housing termination details and smooth transitions - balloon to housing, may be affected. 

The housing 910 includes a central channel. The housing is formed of a multi-layer 
assembly comprising a fluoronated polymer core over which a polyurethane layer is 
extruded. A multi-stranded wire braid is located on top of the polyurethane layer about 
which a multi-lumen polymeric profile is co-extruded. This housing configuration provides 
certain benefits. First, the internal surface of the housing also has a low coefficient of friction 
which aids in the intraluminal passage of both penetration and visualization devices. The 
braided layer provides kink resistance, torquability and flexibility to the housing, locating 
the braid within the multi-lumen co-extrusion allows non-destructive access to the peripheral 
lumen. Furthermore, the co-extruded assembly provides a thermoplastic exterior surface to 
which the positioning assembly may be readily attached. 

Alternatively, the housing may include a multi-lumen polymeric profile about which 
amulti-stranded wire braid is attached. Thereafter the assembly receives a polymeric coating 
which binds the three tubular layers to one another. 

Prior introducer sheath devices have not been able to control the loss of significant 
amounts of blood through the open end of the introducer sheath device that is positioned 
outside of the body. Others have attempted to prevent this blood loss through the use of 
complex clamping systems. The present invention provides a unique seal arrangement to 
prevent significant blood loss. The introducer sheath device 900 efficiently seals the smaller 
surgical devices of the present invention which are typically 3 mm in diameter. Presently 
available surgical devices used with similar procedures typically have diameters in the range 
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of 6-9 mm. The use of these larger diameter devices in combination with currently available 
introducer sheaths typically results in significant and problematic blood loss. The sheath 900 
may be used with these larger diameter devices without significant blood loss due to its 
innovative sealing arrangement. 

A seal 930 located at one end of the housing 910 adjacent opening 912 prevents 
significant blood loss. The seal 930 comprises an expanded housing assembly 931. A self- 
sealing gel-like material 932 is located within the expanded housing assembly 931. The 
material 932 permits the insertion of the repair apparatus through the material 932, which 
forms a seal around the repair apparatus. As the repair apparatus is removed from the 
introducer sheath device 900 and the sealing material 932, the material 932 forms a seal 
behind the repair apparatus as it is removed through opening 912. 

A detailed view of the seal 930 is shown in Fig. 54. The seal assembly 930 may 
comprise the expanded housing assembly 931 and an end cap 935. The seal material 932 is 
preferably a polymeric gel, sphincter-like in shape, having a central opening for receiving a 
surgical device 940. When the surgical device or repair apparatus 940 is removed from the 
sheath 900 the sphincter-like opening in material 932 closes, creating a tight seal and 
preventing the loss of blood. The seal material 932 rests on a ledge or seat 936 located in the 
housing assembly 931. The seal material 932 is held in place by a retaining ring 933, which 
is secured to the interior of the housing assembly 931. 

The expanded housing assembly 931 is permanently attached to the housing 910, as 
shown in Fig. 55, at 915. An infusion port 925 is provided to allow for the supply or removal 
of the fluid or gas, which inflates or deflates the cuff 921. The fluid or gas travels from the 
infusion port 925 to the cuff 921 via the lumen 923 shown in Fig. 47. 

The seal 930 may be used with or without the end cap 935. The end cap 935 provides 
additional protection against blood loss. The end cap 935 is inserted into the opening 912 
in the expanded housing assembly 931 opposite the housing 910. The end cap includes a 
thumbwheel portion 938 to facilitate connection with the housing assembly 931 . The end cap 
935 has both internal and external sealing means. The internal sealing means is comprised 
of a V-type sealing ring 937 which provides a fluid-tight seal between the surgical device 940 
and the end cap 935. The external sealing means is provided by an external groove 939 and 
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a sealing ring 934. Sealing ring 934 is preferably an O-ring formed from polymeric material. 
The end cap 935 may be modified as required to accommodate different surgical devices. 
The expanded housing assembly 931, however, is capable of accommodating a variety of 
devices without modification. 

The multi-port introducer assembly includes lured entryways for balloon inflation 
(positioning assembly), pressure monitoring/fluid control. (IV A) and a seat-protected device 
entry. With the exception of seal and cap details, the multi-port introducer assembly is an 
insert molding about the housing. The seal includes a thermoplastic elastomer molding 
having a lubricious polymeric coating, which is able to form a blood-tight seal about inserted 
instruments having very small diameters while at the same time enabling their easy rotation 
within the introducer assembly. The cap component snap-fits to the introducer molding and 
holds the seal component in position. 

The general arrangement of the sheath device 900 is shown in Fig. 55. The surgical 
device or repair apparatus 940 is inserted into the housing 910 through the seal 930 which 
is located outside the skin 950. As described above, the positioning assembly 920 is located 
in the vicinity of the aneurysm so maintaining the sheaths 900 correct orientation within the 
vessel. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made in the construction and configuration of the present invention without departing 
from the scope or spirit of the invention. It is intended that the present invention cover the 
modifications and variations of the invention, provided they fall within the scope of the 
appended claims and their equivalents. 

Method of Repairing an Aneurysm 

Reference will now be made in detail to a preferred embodiment of the method of 
repairing an aneurysm utilizing the above described components according to the present 
invention. 

Intravascular Endoscopy (I'VE) Based Repair Method 

The Intravascular Endoscopy (I'VE) based repair method will be described in 
connection with the use of a proximal graft assembly 10 and distal graft assembly 20. 
Introducer sheath devices 900 are placed by femoral arteriotomy in both common iliacs under 
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radiological guidance such that the positioning assembly 920 is positioned at the common 
iliac/aortic bifurcation transition. A guide wire is fed from one femoral incision to the other, 
also under guidance. A distal graft assembly 20 is fed over the guide wire until the 
attachment cuff 21 appears directly above the carina at the bifurcation, as shown in Fig. 1. 

A second guide wire 160 is now fed under radiological guidance between one femoral 
incision and the left axillary incision. Another introducer sheath device 900 is fed from the 
axillary until the positioning assembly 920 reaches the infrarenal aorta at which time it is 
inflated. The repair apparatus 5 is then fed through the introducer sheath device 900 over 
guide wire 160 from either the femoral or axillary access to the midpoint of the aortic 
aneurysm. The visualization apparatus 6 is then fed through the hollow interior 211 of 
housing 200 to the area of the wall 2 to which the attachment cuff 22 is to be attached. The 
guide wires 170 are then manipulated to adjust the orientation of the visualization apparatus 
6 to permit viewing of the wall 2 as described above, such that an image appears on the 
monitor. An image of the wall 2 appears on the monitor. The visualization apparatus 6 is 
then removed and the penetration apparatus 7 is then inserted through the hollow interior 211. 
The guide wires 170, as described above, permit the penetration apparatus to be positioned 
in the same position as the visualization apparatus 6. The tracking means 440 pinpoints the 
location of the penetration means 420 with respect to the wall 2 and attachment cuff 22 as 
viewed on the monitor. The primary and secondary penetration means 420 and 430 are then 
operated to form treatment specific holes within the cuff 22 and wall 2, as described above. 
The primary penetration means 420 is then retracted and a fastener is then inserted within the 
treatment specific hole using the insertion means 450. The location of the penetration 
apparatus 7 is then adjusted to repeat the process over the area previously viewed by the 
visualization apparatus 6. The penetration apparatus 7 is then removed and the visualization 
apparatus 6 is reinserted. The viewing and fastening process is alternately repeated until the 
attachment cuff 22 is firmly attached to the wall 2. 

The repair apparatus 5 is removed once the attachment cuff 22 is secured to the wall 
2. The proximal graft assembly 10 is then inserted in an inverted manner through the femoral 
arteriotomy over the guide wire 160 to the position shown in Fig. 1 . The repair apparatus 5 
is then fed through the introducer sheath device 900 over the guide wire 160 from either a 
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femoral or axillary access to a position adjacent the attachment cuff 12. The visualization 
apparatus 6 and the penetration apparatus 7 are then alternately inserted in the manner 
described above to secure the attachment cuff 12 to the wall 2. In the event that a standard 
graft 3 is used, the inverted graft 3 is secured directly to the wall 2 in a similar manner. 
Alternatively, a self-expanding stent 30 may be used in combination with fasteners to secure 
the graft 3 to the wall 2. The repair apparatus 5 is then removed. 

Once the proximal graft assembly 10 or 3 are secured in place, the first guide wire is 
removed and the graft 3 or 10 is invaginated. The tubular legs 11 are then inserted into the 
attachment tubes 22. Self-expanding stents 30 are then used to secure the attachment tubes 
22 and tubular legs 1 1 firmly together. The guide wire 160 is then removed. The positioning 
assemblies 920 are deflated and the introducer sheath device 900 are removed from the 
femoral and axillary arteries. The incisions are then closed completing the repair process. 
The outlined procedure according to the present invention is far less intrusive than current 
known techniques. As a result, a patient's recovery period should decrease. 

Intravascular Ultrasound Repair Method 
The intravascular ultrasound repair method will be described in connection with the 
use of a proximal graft assembly 10 and distal graft assembly 20. Introducer sheath device 
900 are placed by femoral arteriotomy in both common iliacs under radiological guidance 
such that the positioning assembly 920, as described above in connection with the 
Intravascular Endoscopy (I'VE) based repair method. A distal graft assembly 20 is fed over 
a guide wire, as described above, until the attachment cuff 21 appears directly above the 
carina at the bifurcation, as shown in Fig. 1. 

A second guide wire 1 60 is now fed under guidance between one femoral incision and 
the left axillary incision. Another introducer sheath device 900 is fed from the axillary until 
the positioning assembly 920 reaches the infrarenal aorta at which time it is inflated. The 
repair apparatus 50 is then fed through the introducer sheath device 900 over guide wire 160 
to the midpoint of the aortic aneurysm. The visualization apparatus 600 is then positioned 
adjacent the area of the wall 2 to which the attachment cuff 22 is to be attached. The 
scanning catheter is drawn caudad providing images of the distal aortal common iliac 
transition on an external monitor. The repair apparatus 50 is then oriented such that the 
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penetration apparatus 700 is adjacent the area where the attachment cuff 21 is to be attached 
to the wall 2. 

The primary and secondary penetration means 420 and 430 are then operated to form 
treatment specific holes within the cuff 22 and wall 2, as described above. The primary 
penetration means 420 is then retracted and a fastener is then inserted within the treatment 
specific hole using the insertion means 450. The location of the penetration apparatus 700 
is then adjusted to repeat the process over the area previously viewed by the visualization 
apparatus 600. The repair apparatus 50 is then oriented such that the visualization apparatus 
600 may scan another portion of the wall 2. The viewing and mounting process is 
alternately repeated until the attachment cuff 22 is firmly attached to the wall 2. 

The repair apparatus 50 is removed once the attachment cuff 22 is secured to the wall 
2. The proximal tube graft assembly 10 is then inserted in an inverted manner over the guide 
wire 160 to the position shown in Fig. 1 . The repair apparatus 50 is then inserted through a 
femoral incision over the guide wire 160 to a position adjacent the attachment cuff 12. The 
visualization apparatus 600 and the penetration apparatus 700 are then alternately operated 
in the manner described above to secure the attachment cuff 12 to the wall 2. 

Once the proximal graft assembly 10 is secured in place, the first guide wire and the 
repair apparatus 50 are removed and the proximal graft assembly 10 is invaginated. The 
tubular legs 11 are then inserted into the attachment tubes 22 or vice verse. Self-expanding 
stents 30 are then used to secure the attachment tube 22 and tubular legs 11 firmly together. 
The guide wire 160 is then removed. The positioning assemblies 920 are deflated and the 
introducer sheath devices 900 are removed from the femoral and axillary arteries. The 
incisions are then closed completing the repair process. 

While this invention has been described in conjunction with specific embodiments 
thereof, it is evident that many alternatives, modifications and variations will be apparent to 
those skilled in the art. Accordingly, the preferred embodiments of the invention as set forth 
herein are intended to be illustrative, not limiting. Various changes may be made without 
departing from the spirit and scope of the invention as defined in the following claims. 
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WE CLAIM : 

1 . A fastener for use during a surgical procedure for securing a surgical component 
to a vessel wall, said fastener comprising: 

flexible fastening means for securing the surgical component to the vessel wall under 
a compressive force; 

5 wherein said fastening means has a first portion located on one side of the surgical 

component and the vessel wall, a second portion located on another side of the surgical 
component and the vessel wall, and an intermediate portion connecting said first portion and 
said second portion, said intermediate portion extending through the vessel wall and the 
surgical component, whereby said first portion, second portion and said intermediate portion 
10 act together to apply a compressive force to the surgical component and the vessel wall to 
secure the surgical component to the vessel wall; and 

wherein said fastening means further includes at least one supplemental fastening 
means for securing the surgical component to the vessel wall, said at least one supplemental 
fastening means being located on at least one of said first portion and said second portion. 

2. The fastener according to claim 1 , wherein said fastening means includes at least 
one spring assembly, and said supplemental fastening means includes at least one 
supplemental spring assembly. 

3. The fastener according to claim 2, wherein each of said first portion, said second 
portion and said at least one supplemental spring assembly extends substantially parallel to 
the vessel wall. 

4. The fastener according to claim 2, wherein said fastening means comprises a 
plurality of entwined coil springs. 

5. The fastener according to claim 2, wherein said supplemental spring assembly 
includes a coil spring. 

6. The fastener according to claim 2, wherein said supplemental fastening means 
includes a first supplemental spring assembly connected to said first portion of said fastening 
means. 
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7. The fastener according to claim 6, wherein said supplemental fastening means 
includes a second supplemental spring assembly connected to said second portion of said 
fastening means. 

8. The fastener according to claim 2, further comprising: 

means for connecting at least a portion of said at least one supplemental spring 
assembly to said spring assembly. 

9. The fastener according to claim 2, wherein said fastener has a first orientation for 
inserting said fastener through the vessel wall and the surgical component, and a second 
orientation when said fastener is in a secured position. 

10. The fastener according to claim 9, wherein said spring assembly and said at least 
one supplemental spring assembly are aligned along a longitudinal axis when said fastener 
is in said first orientation. 

1 1 . The fastener according to claim 1 0, wherein said spring assembly and said at least 
one supplemental spring assembly are displaced with respect to each other and from said 
longitudinal axis when said fastener is in said second orientation. 

12. The fastener according to claim 9, wherein said fastener is in tension when in said 
first orientation and a relaxed state when in said second orientation, said fastener further 
comprising: 

control means for controlling the compression of said fastener in said first orientation. 

1 3 . The fastener according to claim 1 2, wherein said spring assembly and said at least 
one supplemental spring assembly are coil springs, wherein each of said coil springs has a 
plurality of individual coils. 

14. The fastener according to claim 13, wherein said control means is located 
between a plurality of said individual coils. 

1 5 . The fastener according to claim 1 4, wherein said control means includes a suture 
material disposed between said plurality of said individual coils. 

1 6. The fastener according to claim 1 5, wherein said suture material is formed from 
a dissolvable material, such that said suture material dissolves after said fastener has been 
secured in said second orientation. 
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17. The fastener according to claim 12, wherein said control means includes a 
dissolvable material formed on said fastener means and said supplemental fastener means. 

1 8. A fastener for use during a surgical procedure for securing a surgical component 
to a vessel wall, said fastener comprising: 

flexible fastening means for securing the surgical component to the vessel wall under 
a compressive force; 

5 wherein said fastening means has a first portion located on one side of the surgical 

component and the vessel wall, a second portion located on another side of the surgical 
component and the vessel wall, and an intermediate portion connecting to said first portion 
and said second portion, said intermediate portion extending through the vessel wall and the 
surgical component, whereby said first portion, second portion and said intermediate portion 
10 act together to apply a compressive force to the surgical component and the vessel wall to 
secure the surgical component to the vessel wall; 

wherein said fastening means has a first orientation for inserting said fastening means 
through the vessel wall and the surgical component, and a second orientation when said 
fastening means applies the compressive force to the surgical component and the vessel, said 
1 5 fastening means being in tension when in said first orientation; and 

control means for controlling the compression of said fastening means in said first 
orientation. 

19. The fastener according to claim 18, wherein said control means includes a 
dissolvable material formed on said fastening means. 

20. The fastener according to claim 1 9, wherein said fastener further includes at least 
one supplemental fastening means for securing the surgical component to the vessel wall, 
said at least one supplemental fastening means being located on at least one of said first 
portion and said second portion. 

2 1 . The fastener according to claim 1 8, wherein said fastening means includes at least 
one coil spring assembly. 

22. The fastener according to claim 21, wherein said at least spring assembly has a 
plurality of individual coils, wherein said control means is located between a plurality of said 
individual coils. 
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23 . The fastener according to claim 22, wherein said control means includes a suture 
material disposed between said plurality of said individual coils. 

24. The fastener according to claim 23, wherein said suture material is formed from 
a dissolvable material, such that said suture material dissolves after said fastener has been 
secured in said second orientation. 

25. The fastener according to claim 23, wherein said fastener further includes at least 
one supplemental fastening means for securing the surgical component to the vessel wall, 
said at least one supplemental fastening means being located on at least one of said first 
portion and said second portion. 

26. The fastener according to claim 25, wherein said supplemental fastening means 
includes at least one coil spring assembly having a plurality of individual coils. 

27. The fastener according to claim 26, wherein said suture material is disposed 
between a plurality of said coils of said supplemental fastening means. 

28. A fastener for use during a surgical procedure for securing a surgical component 
to a vessel wall, said fastener comprising: 

flexible fastening means for securing the surgical component to the vessel wall under 
a compressive force; 

wherein said fastening means has a first portion located on one side of the surgical 
component and the vessel wall, a second portion located on another side of the surgical 
component and the vessel wall, and an intermediate portion connecting to said first portion 
and said second portion, said intermediate portion extending through the vessel wall and the 
surgical component, whereby said first portion, second portion and said intermediate portion 
act to apply a compressive force to the surgical component and the vessel wall to secure the 
surgical component to the vessel wall; 

at least one supplemental fastening means for securing the surgical component to the 
vessel wall, said at least one supplemental fastening means being located on at least one of 
said first portion and said second portion; 

wherein said fastening means and supplemental fastening means have a first 
orientation for inserting said fastener through the vessel wall and the surgical component, and 
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a second orientation when said fastener applies the compressive force to the surgical 
component and the vessel, said fastener being in tension when in said first orientation; and 
control means for controlling the compression of said fastener in said first orientation. 
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SECOND GENERATION COIL FASTENER 
APPLIER WITH MEMORY RING 

CROSS REFERENCE TO RELATED APP LICATIONS 

This patent application claims the benefit of U.S. Provisional Application 
Serial No. 60/130,922, filed April 23, 1999, the entire contents of which are 
incorporated by reference herein. 
BACKGROUND 

1. Technical Field 

This disclosure relates generally to vascular grafts for intraluminal 
delivery and, in particular, to a method and apparatus for repairing diseased or 
damaged sections of a vessel by fastening a prosthesis within the vessel. 

2. Description o f Related Art 

Diseased or damaged blood vessels often cause weakening of the vessel 
wall resulting in an aneurysm whereby a blood vessel and especially an artery have a 
section of abnormal blood-filled dilation. For example, an abdominal aortic aneurysm 
is a sac caused by an abnormal dilation of the wall of the aorta, a major artery of the 
body as it passes through the abdomen. 

The abdominal aortic aneurysm usually arises in the infrarenal portion of 
the arteriosclerotically diseased aorta, for example, below the kidneys. Left untreated, 
the aneurysm will eventually cause rupture of the sac with ensuing fatal hemorrhaging 
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in a very short time. High mortality associated with rupturing led the state of the art 
into trans -abdominal surgical repair of abdominal aortic aneurysms. 

Surgery involving the abdominal wall, however, is a major undertaking 
with associated risks. This type of surgery, in essence, involves replacing the diseased 
and aneurysmal segment of blood vessel with a prosthetic device which typically is a 
synthetic tube, or graft, usually fabricated of either DACRON™, TEFLON™, or other 
suitable material. 

The present state of the art for intraluminal repair of a vessel does not 
fasten a prosthesis to the remaining aortic wall. For example, U.S. Patent Nos. 
5,571,171 and 5,571,173 disclose a method and apparatus for treating an abdominal 
aortic aneurysm by supplying a prosthesis or an aortic graft for intraluminal delivery 
that does not fasten the graft to the remaining aortic wall. 

Presenting an aortic graft through the aorta by intraluminal delivery 
avoids major invasive surgery. The '171 and '173 patents disclose an aortic graft that 
is delivered intraluminally to the aneurysm site. The aortic graft is secured to the 
remaining aortic wall by a balloon that is inflated thereby causing the graft to contact 
and adhere to the remaining aortic wall. 

The major disadvantages related to the combination of endovascular 
expanders, such as a balloon or stent, and prosthesis is the dilation of the natural artery 
with consequent migrations and periprosthetic losses. Upon withdrawal of the 
expander, the tissue is caused to collapse and the prosthesis disengages from the 
remaining aortic wall and tends to migrate to a location away from the aneurysm site to 
2 
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be repaired. The migration and movement of the disengaged aortic graft would then 
obstruct the affected vessel. The migration and movement of the aortic graft requires 
further treatment on the patient to remove the failed attempt to attach the aortic graft to 
the remaining aortic wall. 

Further treatment may include major surgery that is hazardous and 
traumatic to the patient. Major surgery to remove the aortic graft defeats the benefits 
of intraluminal delivery of the aortic graft. The current state of the art does not 
disclose a fastener applicator that intraluminally delivers a vascular graft and 
endoluminally applies internal fasteners to fasten a prosthesis in place. 

Accordingly, there is a present need for a fastener applicator that 
intraluminally delivers a vascular graft to a site within a vessel and applies fasteners to 
pass through both a prosthesis and the thickness of a vessel wall. The fastened 
prosthesis should also have the capability of following dilation of a vessel. 

An exemplary instrument also suitable for use in installing a novel graft 
assembly is disclosed in provisional patent application No. 60/101,050 entitled, 
"Endovascular Fastener Applicator", filed with the U.S. Patent and Trademark Office 
on September 18, 1998 and in International Application No. PCT/US99/21414, filed 
September 17, 1999, the entire disclosures of which are incorporated by reference 
herein. 
SUMMARY 

There is provided an endovascular fastener applicator for endoluminally 
fastening a prosthetic graft to a vessel with at least one fastener. The applicator 
3 
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generally includes a tubular body configured for positioning within a vessel and an 
expandable portion disposed adjacent a distal end of the tubular body and being 
expandable to support a prosthetic in contact with an inner surface of a vessel. A 
fastener applying head is rotatably mounted on the distal end of the tubular body and is 
movable between a load position longitudinally aligned with the tubular and a firing 
position oriented approximately 90°with respect to the tubular body. The applicator 
also includes a handle assembly mounted on a proximal end of the tubular body and 
having a first control to expand the expandable portion, a second control to pivot the 
fastener driving head to the firing position and rotate the fastener driving head about the 
longitudinal axis of the tubular body. 

The handle assembly further includes a third control to move a fastener 
out of the fastener driving head and into tissue and move a fastener carrying slider into 
engagement with the tissue. 

Preferably, the fastener is a helical coil fastener. The applicator has a 
storage chamber extending from a distal end of the expandable portion, the storage 
chamber containing at least one helical coil fastener. 

Preferably, the third control is connected to the fastener carrying slider 
by a wire formed of a shape memory material. 

Alternately, the fastener driving head is configured to drive a 
conventional staple into tissue. 
BRIEF DESCRIPTION OF THE DRAWINGS 

4 
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Various embodiments are described herein with reference to the 
drawings, wherein: 

FIG. 1 is a perspective view of a first embodiment of a coil fastener 
applier for use in installing a prosthetic graft assembly; 
5 FIG. 2 is a perspective view of the distal end of the coil fastener applier 

with an onion assembly in an expanded condition; 

FIG. 3 is a perspective view of the distal end of the coil fastener 
assembly with the onion assembly in the expanded condition and a staple driving head 
pivoted 90°; 

10 FIG. 4 is a view similar to FIG. 3 illustrating a slider extending from the 

staple driving head and a staple being ejected from the slider; 

FIGS. 5-7 are views of the distal end of the coil fastener applier with the 
onion assembly expanded; 

FIGS. 8-10 are views of the distal end of coil fastener applier with the 
1 5 staple driving head pivoted 90 0 ; 

FIG. 11 is a side view, partially shown in section, of the fastener driving 
head pivoted 90°; 

FIG. 12 is a perspective view illustrating a driving wire; 

FIG. 13 is a perspective view of a slide associated with the staple driving 

2 0 head; 

FIG. 14 is a perspective view of the instrument handle assembly; 
FIG. 15 is a top plan view of the instrument handle assembly; 
5 
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FIG. 16 is a perspective view of the first embodiment prior to use; 

FIG. 17 is a perspective view of the first embodiment during testing; 

FIG. 18 is a perspective view, partially shown in section, illustrating the 
distal end of the coil fastener applier positioned within an aneurysm site; 

FIG. 19 is a perspective view, similar to FIG. 16, with the staple driving 
head pivoted 90° and a staple being inserted through graft material into a vessel wall; 

FIG. 20 is a perspective view of a novel graft assembly positioned about 
the distal end of a coil fastener applier; 

FIGS. 21-22 are perspective views of an alternative staple driving head; 

FIGS. 23-24 are perspective views of the staple driving head of FIG. 21 
without the outer casing; 

FIG. 25 is a perspective view of the distal end of a coil fastener applier 
with a further alternative fastener applying head; 

FIG. 26 is a perspective view of the alternative fastener driving head; 

FIGS. 27-28 are further alternative views of the staple driving head. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to FIG. 1, there is illustrated a novel coil fastener applier 10 
for use in installing graft material. In general, applier 10 generally includes a handle 
assembly 12 having an elongated flexible shaft 14 extending from a distal end 18 of the 
handle assemblyl2. An onion assembly 16 is provided at the distal end 18 of elongated 
shaft 14. A coil fastener storage chamber 20 extends from a distal end 22 of the onion 
assembly 16 and terminates in an end cap 24. 
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Controls are provided on the handle assembly for various functions. A 
distal thumb wheel 26 is provided for expanding the onion assembly. A central thumb 
wheel 28 is provided for pivoting a fastener driving head 90°relative to the elongated 
shaft and rotating and indexing the fastener driving head between the various wings of 
the onion assembly. A lock tab 30 secures central thumb wheel 28 in position. An 
elongated proximal knob 32 is provided for extending a slide portion of the fastener 
driving head past the expanded onion assembly and for driving a fastener, such as, for 
example, a helical coil fastener out of the fastener driving head and through graft 
material and into tissue. A release lever 34 may also be provided on the handle 
assembly 12 for releasing the extended slide. 

Referring to FIGS. 2-4, there is illustrated the distal end 36 of the 
applier 10 with the onion assembly 16 in an expanded condition. Onion assembly 16, 
having wings 40, is expanded in a conventional manner by moving an inner rod or 
wire connected to distal end 22 of onion assembly 16 relative to shaft 14 which is 
connected to a proximal end 38 of the onion assembly. A fastener driving head 42 is 
located within onion assembly 16. 

Referring to FIGS. 3-4, there is illustrated fastener driving head 42 
pivoted 90° relative to elongated shaft 14. 

Specifically, referring to FIG. 4, there is illustrated fastener driving head 
42 pivoted 90° relative to elongated shaft 14 and a slider 44 extended out of fastener 
driving head 42 to provide compression to graft material (FIG. 19). A helical coil 
fastener 46 is illustrated partially driven out of slider 44. This may be done to test the 
7 
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operation of applier 10 but, however, in use, the fastener 46 is not driven out of slider 
44 until compression has been applied to the graft material. 

Referring to FIGS. 5-7, there is illustrated the distal end 36 of 
applicator 10 with the onion assembly 16 in an expanded condition. Referring to FIG. 
6, there is illustrated the fastener driving head 42 in longitudinal alignment with the 
elongated shaft 10 and fastener storage chamber 20 which extends distally of the onion 
assembly 16. Chamber 20 is provided to contain a plurality of helical coil fasteners 46 
for use with fastener driving head 42. With fastener driving head 42 in longitudinal 
alignment with chamber 20, slider 44 can be extended to remove and load a fastener 46 
from chamber 20 into fastener head 42. Extending distally from the fastener storage 
chamber 20 is end cap 24. Preferably, end cap 24 includes a bore 48 therethrough for 
receipt of a conventional guide wire. 

As shown, a proximal end 50 of end cap 24 is threaded to a distal end 52 
of storage chamber 20 and a proximal end 54 of storage chamber 20 is threaded to 
distal end 22 of onion assembly 14. Thus, chamber 20 forms a detachable loading unit 
for use with applier 10. A plurality of helical coil fasteners are provided within 
chamber 20 about a mandrel 56. 

Referring to FIGS. 8-10, there is illustrated the distal end 36 of applier 
10 with fastener driving head 42 pivoted 90° relative to elongated shaft 14. As 
specifically shown in FIG. 10, fastener driving head 42 is pivoted by means of a wire 
connected to control thumb wheel 28. A flexible, and preferably, shape memory wire 
58 such as, for example, a Nitinol or Tinel wire which can be moved to extend and 
8 
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retract slider 44. Wire 58 can also be rotated within the elongated shaft and head 42 to 
drive a fastener 46 (positioned on a mandrel) into tissue. A proximal end of wire 58 is 
connected to proximal knob 32. 

Referring to FIG. 11, there is illustrated the distal end 36 of applicator 
10 with the fastener driving head 42 pivoted 90° relative to the elongated shaft 14. As 
illustrated, helical coil fastener 46 is contained within slider 44 and can be driven out of 
the slider 44 by a mandrel 60. Mandrel 60 includes a longitudinal bore 62 for receipt 
of an end of the driving wire (not shown). In addition to moving slider 44 by axially 
moving the wire within elongated shaft 14, helical coil fastener 46 can be rotated out of 
the fastener driving head 42 by rotation of the driving wire. A guide 64 is preferably 
provided within the distal end 18 of elongated shaft 14 so as to guide the driving wire 
around the 90° bend. It should be noted that to load a helical coil fastener 46 from the 
supply chamber 20 into the fastener driving head 42, the fastener driving head 42 is 
pivoted to be in longitudinal alignment with the elongated shaft 14 and thus slider 44 
can then be extended such that the mandrel 60 contained therein contacts mandrel 56 in 
the storage chamber 20, and the wire rotated in a reverse direction to draw a helical 
coil fastener 46 out of the chamber 20 and into slider 44. 

FIG. 12 illustrates the driving wire 58 within fastener driving head 42 

and slider 44. 

FIG. 13 illustrates an enlarged view of slider 44 which includes teeth 66 
which are useful in engaging the graft material such that rotation of a coil fastener out 
of the slider does not rotate or disturb the graft material. 

9 
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Referring now to FIGS. 14 and 15, there are illustrated views of the 
handle assembly 12 and associated controls. As noted above, controls are provided for 
operating the various functions. Distal thumb wheel 26 is provided for expanding the 
onion assembly. Central thumb wheel 28 is provided for pivoting fastener driving head 
42 90° and indexing by 60° the fastener driving head 42 relative to the elongated shaft 
14. The head 42 is pivoted 90° by moving central thumb wheel 28 longitudinally and 
indexed 60° by rotation of wheel 28. Indexing can only occur with head 42 in 
alignment with the shaft 14. Lock tab 30 adjacent the central wheel 28 locks and 
releases the fastener driving head 42 in the 90° position. 

A ratchet feature 68 is provided with the central knob to control the 
indexing. Elongated proximal knob 32 is connected to a proximal end of wire 58 and is 
provided to move slider 44 in the fastener driving head 42 into engagement with graft 
material and/or tissue by longitudinal movement of knob 32. Rotation of the knob 32 
rotates a helical coil fastener contained within the fastener driving head 42 out of the 
slider 44 and into tissue and is used to load a fastener 46 within the slider 44. A 
release lever 34 adjacent the proximal knob 32 is provided to maintain the slider in an 
extended position by releasably engaging an edge 72 of knob 32. Proximal knob 32 
includes fine threads 70 for precisely rotating the driving wire 58. A guide block 74 is 
provided within assembly 12 to guide the various control wires or cables. 

Referring now to FIGS. 16 and 17, prior to use, the control unit is 
actuated so as to draw a helical coil fastener out of the supply and into the slider. As 

10 
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shown in Sheet 19, operation of the onion assembly, pivoting heads and slider may be 
tested prior to use. The complete test, and in fact, operation procedure is as follows: 
First rotate distal thumb wheel 26 to open and expand onion assembly 
16. Next, rotate proximal knob 32 to load fastener 46 into mandrel 60. Then pull 
5 central wheel 28 and lock with lock tab 30 into position to pivot head 42 to 90° 

position. Next, push in (proximal) knob 32 by a desired amount and ratchet in place to 
extend slider 44. Rotate (proximal) knob 32 to fire fastener out of slider 44. Actuate 
release lever 34 to retract slider 44. Release lock tab 30 to pivot head 42 to return to 
in-line position. Rotate proximal knob 32 to reload pivoting head 42 with fastener 46. 
10 Rotate central wheel 28 in forward position to index pivoting head 42 and repeat firing 
sequence. 

Referring to FIGS. 18 and 19, in use the distal end 36 of the applier 10, 
including onion assembly 16 is positioned at the aneurism site by advancing the end cap 
over a guidewire (not shown). 

15 Referring to FIG. 19, once in position, the handle controls are actuated 

to expand the onion assembly 16 and pivot the fastener drive head 42 90° relative to the 
elongated shaft 14. Once pivoted 90°, slider 44 is extended out of the head 42 and into 
compressive engagement with graft material A positioned within the aneurism site. 
Subsequently, the handle assembly is actuated to rotate the helical coil fastener 46 out 

2 0 of slider 44 through the graft material A and into tissue B to secure the graft material A 
within the aneurism site. 
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Referring now to FIG. 20, there is illustrated a novel graft assembly for 
use with the disclosed applicators. In particular, the graft assembly 80 includes a 
section of graft material 82 having a generally flat expandable Nitinol ring 84 
positioned at one or both ends of the graft material 82. The Nitinol ring 84 is provided 
to maintain the graft material 82 in expanded engagement with the walls of the tissue 
section or a vessel during the fastening operation. Nitinol ring 84 may have various 
other configurations such as round, narrow, etc. 

The Nitinol ring 84 may be supported about the onion assembly by 
additional arms, associated with the onion assembly, which flex to an open condition as 
the onion assembly is expanded within the graft material. Additionally, there may also 
be provided longitudinal struts 86 affixed within graft material 82 and terminating in 
hooks 88. Hooks 88 are configured such that upon expansion of the onion assembly 
and thus the Nitinol ring 84, hooks 88 are driven into tissue to assist in preventing 
longitudinal migration of the graft assembly 80 within the aneurism site alone or in 
addition to affixing the graft assembly 80 with helical coil fasteners or other staple type 
fasteners. Graft material 82 may be of a suitable known material, such as, for example, 
Bifurcated Arterial Graft Arterial Graft Surgical Mesh. Struts 86 and hooks 88 may be 
formed of various suitable biocompatible material such as polymers, and/or stainless 
steel, or other similar metals. 

Referring to FIGS. 21-24, there is illustrated an alternative embodiment 
of a pivoting and driving head assembly for use with the disclosed fastener applier 90. 
Head assembly 90 includes a housing 92 which is pivotally mounted on shaft 124. 
12 
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Instead of utilizing a Nitinol wire to pivot a staple driving head 90° relative to the 
elongated shaft 14, a pair of beveled gears 94 and 96 and a clutch mechanism 98 are 
provided to pivot the head and drive a helical coil fastener out of slider 100. Clutch 
mechanism 98 may be provided to engage and disengage the driving mechanism with 
5 fastener driving head 90. 

With regard to FIGS. 21-24, head assembly 90 generally includes a 
housing 92 enclosing a first beveled gear 94 and a second beveled gear 96. A clutch 
mechanism 98 is provided within housing 92. As shown in FIG. 21, head assembly 90 
also includes a slider 100 having slider teeth 101 and a staple driving mandrel 102. 

10 Referring to FIGS. 23 and 24, wherein housing 92 has been removed, head assembly 
90 includes a loading connecting nut 104 and a firing connecting nut 106. Connecting 
nuts 104 and 106 are configured to releasably engage a drive mechanism associated 
with a fastener applier such that when head assembly 90 is in longitudinal alignment 
with elongated shaft 14, drive mechanism will engage loading connecting nut 104 to 

15 facilitate loading a fastener into head assembly 90 and when head assembly 90 is 

pivoted 90°the actuating mechanism will engage firing connecting nut 106 to rotate the 
mandrel 02 and advance the fastener out of head assembly 90. As the fastener is being 
driven out of head assembly 90 into the graft, the shaft assembly moves forward. At 
the end of the stroke, the threaded sleeve of the clutch mechanism used to thread in 

2 0 pivot head housing and rotates until changing the direction of rotation. As shown, 

threaded sleeve 108 surrounds a generally D-shaped shaft 110 and is biased by a spring 
112. 
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Referring now to FIGS. 25-28, there are illustrated various views of an 
alternative staple driving head 120. In particular, this embodiment of a staple driving 
head utilizes conventional staples in conjunction with a staple driver and an anvil to 
secure graft material within a vessel. The head 120 includes links 122 to pivot the head 
90° relative to an associated shaft. As specifically shown in FIG. 26, the staple driving 
head 120 includes a body portion 124 having a longitudinally movable staple driving or 
pusher plate 126, and a feed spring 128 for biasing a staple stack toward an anvil 130. 
A tension device 132 having a rod 134, a spring 136 around rod 134, and an adjustment 
screw 138 are provided to return head 120 from a pivoted 90° position to a position 
longitudinally aligned with a distal end of a modified shaft 140 (FIG. 27). While not 
specifically illustrated, it is contemplated that a stack or plurality of conventional 
staples may be provided adjacent the staple biasing plate 126 and anvil 130 to provide a 
supply of more than one staples within the staple driving head. 

Each of the alternative staple driving heads illustrated in FIGS. 21-24 
and FIGS. 25-28 may be utilized in a manner similar to that discussed with respect to 
FIGS. 1-19 for securing a graft material within an aneurism site. 
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WHAT IS CLAIMED IS: 

1. An endovascular fastener applicator for endoluminally fastening a 
prosthetic graft to a vessel with at least one fastener comprising: 

a tubular body configured for positioning within a vessel; 

an expandable portion disposed adjacent a distal end of the tubular body 
and being expandable to support a prosthetic in contact with an inner surface of a 
vessel; 

a fastener applying head rotatably mounted on the distal end of the 
tubular body and movable between a load position longitudinally aligned with the 
tubular and a firing position oriented approximately 90° with respect to the tubular 
body; and 

a handle assembly mounted on a proximal end of the tubular body. 

2. The applicator as recited in claim 1, wherein the handle assembly has 
a first control to expand the expandable portion. 

3. The applicator as recited in claim 1, wherein the handle assembly 
includes a second control to pivot the fastener driving head to the firing position. 

4. The applicator as recited in claim 3, wherein the second control also 
rotates the fastener driving head about the longitudinal axis of the tubular body. 

5. The applicator as recited in claim 3, wherein the handle assembly 
includes a third control to move a fastener out of the fastener driving head and into 
tissue. 
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6. The applicator as recited in claim 5, wherein the third control further 
moves a fastener carrying slider into engagement with tissue. 

7. The applicator as recited in claim 1, wherein the fastener is a helical 

coil fastener. 

5 8. The applicator has recited in claim 7, further comprising a storage 

chamber extending from a distal end of the expandable portion, the storage chamber 
containing at least one helical coil fastener. 

9. The applicator as recited in claim 3, wherein the third control is 
connected to the fastener carrying slider by a wire formed of a shape memory material. 
10 10. The applicator as recited in claim 1, wherein the fastener is a 

conventional staple. 
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